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DIAGNOSIS AND TREATMENT OF CANCER USING 
MAMMALIAN PELLINO POLYPEPTIDES AND 
POLYNUCLEOTIDES 

CROSS-REFERENCES TO RELATED APPLICATIONS 
The current application claims the benefit of U.S. Provisional Application 
No. 60/259,502, filed January 2, 2001, which is herein incorporated by reference. 

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER 
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT 

Not applicable. 

FIELD OF THE INVENTION 
This invention relates to the field of cancer diagnosis and treatment. 
Methods and diagnostic reagents are provided for diagnosing and treating cancers that 
involve amplified Pellino genes and overexpressed Pellino nucleic acids and 
polypeptides. 

BACKGROUND OF THE INVENTION 
Cancer is a genetic disease of single cell origin caused by the accumulation 
of inherited and acquired mutations in specific cancer genes, which have normal cellular 
functions, but when mutated or present at abnormally high levels contribute to cancer. 
One type of mutation is gene amplification or overexpression, i.e., where a specific 
chromosomal region (including the cancer gene) has undergone a relative increase in 
DNA copy number, such that more copies of the cancer gene are present, or where the 
level of expression of a gene is increased, such that a correspondingly higher amount of 
mRNA and protein is produced, causing deleterious effects. Gene amplification is one of 
the primary genetic alterations in solid tumors, and most of the chromosomal regions that 
undergo amplification are not well characterized and do not harbor known oncogenes 
(Knuutila et al, Am. J. Pathol. 152:1 107-23 (1998); Knuutila et ah, Cancer Genet. 
Cytogenet. 100:25-30 (1998)). Discovery of these amplified cancer genes will provide 
novel targets for diagnostic and therapeutic applications. 



The present invention is based on the discovery that Pellino gene, 
polynucleotide, and polypeptide sequences are amplified and/or overexpressed in cancer 
cells in mammals. As described herein, this discovery has provided new diagnostic, 
prognostic, and therapeutic methods for the treatment of cancer, in particular for ovarian 
5 and lung cancer. 

SUMMARY OF THE INVENTION 
The present invention provides methods, reagents, and kits for detecting 
and treating cancer. In particular, the invention provides Pellino polypeptide and 
10 polynucleotide sequences that are amplified and or overexpressed in cancer cells. 

Accordingly, the present methods can be used to detect cancer or a propensity to develop 
cancer, to monitor the efficacy of a cancer treatment, to identify inhibitors of Pellino 1 
and 2, and to treat cancer, e.g., by inhibiting the expression and/or activity of Pellino 1 
and 2 in a cancer cell. 

15 In one aspect, the present invention provides a method of detecting cancer 

cells in a biological sample from a mammal, the method comprising the steps of 
providing the biological sample from the mammal, and detecting an overexpression of a 
Pellino 1 polypeptide comprising at least 70% amino acid identity to SEQ ID NO:2 or a 
Pellino 2 polypeptide comprising at least 70% amino acid identity to SEQ TD NO:4 in the 

20 biological sample, thereby detecting the presence of cancer cells in the biological sample. 

In another aspect, the present invention provides a method of detecting 
cancer cells in a biological sample from a mammal, the method comprising the steps of 
providing the biological sample from the mammal and detecting an increase in copy 
number of a gene encoding a Pellino 1 polypeptide comprising at least 70% amino acid 

25 identity to SEQ ID NO:2 or a Pellino 2 polypeptide comprising at least 70% amino acid 
identity to SEQ TD NO:4 in the biological sample, thereby detecting the presence of 
cancer cells in the biological sample. 

In one embodiment, the detecting step comprises contacting the gene with 
a probe that selectively hybridizes to the gene under conditions in which the probe 

30 selectively hybridizes to the gene to form a stable hybridization complex and detecting 
the hybridization complex. Often, the contacting step includes a step of amplifying the 
gene in an amplification reaction. In one embodiment, the amplification reaction is a 
polymerase chain reaction. 
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In another aspect, the invention provides a method of monitoring the 
efficacy of a therapeutic treatment of cancer, the method comprising the steps of 
providing a biological sample from a mammal undergoing the therapeutic treatment, and 
detecting a level of a Peliino 1 polypeptide comprising at least 70% amino acid identity to 
5 SEQ ID NO:2 or a Peliino 2 polypeptide comprising at least 70% amino acid identity to 
SEQ ID NO:4 in the biological sample compared to a level in a biological sample from 
the mammal prior to, or earlier in, the therapeutic treatment, thereby monitoring the 
efficacy of the therapy. 

In one embodiment, the Peliino 1 polypeptide has an amino acid sequence 
1 0 of SEQ ID NO:2 or the Peliino 2 polypeptide has an amino acid sequence of SEQ ED 
NO:4. 

In one embodiment overexpression is at least 1.5-fold. Alternatively, 
overexpression is 5-fold or above. 

The method includes an embodiment in which the Peliino polypeptide is 
1 5 detected using an antibody that selectively binds to Peliino 1 and/or 2. Often, the amount 
of Peliino polypeptide is quantified by immunoassay. In another embodiment, detecting 
the overexpression of a Peliino polypeptide comprises detecting the activity of the Peliino 
polypeptide. 

In an alternative embodiment, detecting overexpression of a Peliino 
20 polypeptide comprises detecting an mRNA that encodes the Peliino polypeptide. Often 
the mRNA is detected using an amplification reaction. 

In one embodiment, the cancer cells are from an epithelial cell. In one 
embodiment, the cancer cell is an ovarian, colon, or lung cancer. Ln other embodiments, 
the mammal is a human and the biological sample is a tissue biopsy, often from ovarian. 
25 colon, or lung tissue. 

The invention also provides a method of identifying a compound that 
inhibits the activity of a Peliino polypeptide, the method comprising the steps of 
contacting the compound with a Peliino 1 polypeptide comprising at least 70% amino 
acid identity to SEQ ID NO:2 or a Peliino 2 polypeptide comprising at least 70% amino 
30 acid identity to SEQ ID NO:4 and detecting a decrease in the activity of the Peliino 1 or 2 
polypeptide. 

In one embodiment, the polypeptide is linked to a solid phase. In another 
embodiment, the Peliino polypeptide is expressed in a cell. Additionally, the Peliino 
polypeptide can be amplified in the cell compared to normal. 
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In another aspect, the invention provides a method of treating a cancer or 
inhibiting proliferation of a cancer cell that overexpresses a Pellino 1 polypeptide 
comprising at least 70% amino acid identity to SEQ ID NO:2 or a Pellino 2 polypeptide 
comprising at least 70% amino acid identity to SEQ ID NO:4, the method comprising the 
5 step of contacting the cancer cell with a therapeutically effective amount of an inhibitor of 
the Pellino 1 or 2 polypeptide. 

In one embodiment, the inhibitor is an antibody. Alternatively, the 
inhibitor is an antisense polynucleotide. 

In one aspect, the present invention provides an isolated nucleic acid 
10 encoding a Pellino 2 polypeptide, wherein the Pellino 2 polypeptide comprises at least 
95% amino acid sequence identity to SEQ ID NO:4. 

In one embodiment, the nucleic acid encodes a Pellino 2 polypeptide 
comprising an amino acid sequence of SEQ ID NO:4. In one embodiment, the nucleic 
acid comprises a nucleotide sequence of SEQ ID NO:3. 
15 In another aspect, the present invention provides an expression vector and 

a host cell comprising an isolated nucleic acid encoding a Pellino 2 polypeptide, wherein 
the Pellino 2 polypeptide comprises at least 95% amino acid sequence identity to SEQ ID 
NO:4. 

In another aspect, the present invention provides an isolated Pellino 2 
20 polypeptide comprising at least 95% amino acid identity to SEQ ID NO:4. 

In one embodiment, the polypeptide comprises an amino acid sequence of 
SEQ ID NO:4. In one embodiment, the polypeptide specifically binds to antibodies 
generated against a polypeptide comprising an amino acid sequence of SEQ ID NO:4. 

In another aspect, the present invention provides an antibody that binds to 
25 a Pellino 2 polypeptide that comprises at least 95% amino acid sequence identity to SEQ 
ID NO:4. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows a comparison of Pellino 1 (SEQ ID NO:2) and Pellino 2 
30 (SEQ ID NO:4) amino acids sequences. The two sequences exhibit approximately 81% 
amino acid identity. 

Figure 2 shows Pellino 2 mRNA overexpression in tumor cell lines. 
Figure 3 shows amplification of the Pellino 2 gene in cancer cells. 
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DETAILED DESCRIPTION OF THE INVENTION 

Introduction 

The present invention provides methods, reagents, and kits for diagnosing 
and treating cancer. The invention is based upon the discovery that Pellino 1 and Pellino 
2 genes are overexpressed and amplified in cancer cells, particularly lung and ovarian 
cancer cells. Accordingly, the present methods can be used to detect cancer or a 
propensity to develop cancer, to monitor the efficacy of a cancer treatment, and to treat 
cancer, e.g., by inhibiting the expression and/or activity of Pellino 1 or Pellino 2 in a 
cancer cell. 

Drosophila Pellino was originally identified as a protein that associates 
with the kinase domain of activated Pelle, thereby participating in intracellular 
transduction of an extracellular signal, leading to nuclear localization of Dorsal, a 
member of the Rel family expressed in Drosophila embryos, and a member of the 
Dorsal/Cactus complex (see, e.g., Grosshans etal., Mech. Dev. 81:127-138 (1999)). 
Drosophila Pellino therefore serves as an adaptor to link kinase signaling to downstream 
effectors. Pellino genes and gene products include human Pellino 1 mRNA (SEQ ID 
NOT), Accession No. AF302505.1 (complete cds) and AJ278859.1 (ORF 1); human 
Pellino 1 protein (SEQ ID NO:2) (LOC57334), mRNA NM 02065 1.1; mouse Pellino 1 
mRNA, Accession No. AF302503.1 (complete cds); human Pellino 2 mRNA, Accession 
No. AF302502.1 (complete cds); mouse Pellino 2 mRNA, Accession No. AF302504.1 
(complete cds); Drosophila melanogaster Pellino mRNA, Accession No. AF09 1624.1; 
Caenorhabditis elegans Pellino mRNA, Accession No. AJ288951.1; and Ciona 
intestinalis Pellino mRNA, Accession No. AB036851.1. 

The methods of the invention typically involve detecting the presence of 
Pellino 1 or 2 in a biological sample taken from a mammal. In certain embodiments, a 
level of Pellino 1 or 2 in a biological sample will be compared with a control sample 
taken from a cancer-free animal, or, preferably, with a value expected for a sample taken 
from a cancer-free animal. A control sample can also be obtained from normal tissue 
from the same mammal that is suspected to have cancer. 

The ability to detect cancer cells by virtue of an increased level of Pellino 
1 or 2 is useful for any of a large number of applications. For example, an increased level 
of Pellino 1 or 2 in cells of a mammal can be used, alone or in combination with other 
diagnostic methods, to diagnose cancer in the mammal or to determine the propensity of a 
mammal to develop cancer over time. The detection of Pellino 1 or 2 can also be used to 
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monitor the efficacy of a cancer treatment and to provide a prognosis, e.g., for overall and 
disease free survival. For example, a level of a Pellino 1 or 2 polypeptide or 
polynucleotide after an anti-cancer treatment is compared to the level in the mammal 
before the treatment. A decrease in the level of the Pellino 1 or 2 polypeptide or 
polynucleotide after the treatment indicates efficacious treatment. 

An increased level or diagnostic presence of Pellino 1 or 2 can also be 
used to influence the choice of anti-cancer treatment in a mammal and provide a 
prognosis for outcome with a certain treatment, where, for example, the level of Pellino 1 
or 2 increase directly correlates with the aggressiveness of the anti-cancer therapy. For 
example, an increased level of Pellino 1 or 2 in tumor cells can indicate that the use of an 
agent that decreases proliferation would be effective in treating the tumor. 

In addition, the ability to detect cancer cells can be useful to monitor the 
number or location of cancer cells in a patient, in vivo or in vitro, for example, to monitor 
the progression of the cancer over time. In addition, the level or presence or absence of 
Pellino 1 or 2 can be statistically correlated with the efficacy of particular anti-cancer 
therapies or with observed prognostic outcomes, thereby allowing the development of 
databases based on which a statistically-based prognosis, or a selection of the most 
efficacious treatment, can be made in view of a particular level or diagnostic presence of 
Pellino 1 or 2. 

The present invention also provides methods for treating cancer. In certain 
embodiments, the proliferation of a cell with an elevated level of Pellino 1 or 2 
polynucleotides, polypeptides, or polypeptide activity is inhibited. The proliferation is 
decreased by, for example, contacting the cell with an inhibitor of Pellino 1 or 2 
transcription or translation, or an inhibitor of the activity of a Pellino 1 or 2 polypeptide. 
Such inhibitors include, but are not limited to, antisense polynucleotides, ribozymes, 
antibodies, dominant negative Pellino 1 or 2 polypeptides, and small molecule inhibitors 
of Pellino 1 or 2 activity. 

The present methods can be used to diagnose, determine the prognosis for, 
or treat, any of a number of types of cancers. In preferred embodiments, the cancer is an 
epithelial cancer, e.g., colorectal, lung, breast, prostate, kidney, stomach, bladder, or 
ovarian cancer, or any cancer of the gastrointestinal tract. In a particularly preferred 
embodiment, the cancer is lung, colon, or ovarian cancer. 



The diagnostic methods of this invention can be used in animals including, 
for example, primates, canines, felines, murines, bovines, equines, ovines, porcines, 
lagomorphs, etc, as well as in humans. 

Kits are also provided for carrying out the herein-disclosed diagnostic and 
5 therapeutic methods. 



Definitions 

The phrase "detecting a cancer" or "diagnosing a cancer" refers to 
determining the presence or absence of cancer or a precancerous condition in an animal. 

10 "Detecting a cancer" can also refer to obtaining indirect evidence regarding the likelihood 
of the presence of cancerous cells in the animal. Detecting a cancer can be accomplished 
using the methods of this invention alone, in combination with other methods, or in light 
of other information regarding the state of health of the animal. 

A "cancer" in an animal refers to the presence of cells possessing 

1 5 characteristics typical of cancer-causing cells, such as uncontrolled proliferation, 
immortality, metastatic potential, rapid growth and proliferation rate, and certain 
characteristic morphological features and cellular markers. In some circumstances, 
cancer cells will be in the form of a tumor, but such cells may exist alone within an 
animal, or may circulate in the blood stream as independent cells, such as leukemic cells. 

20 The term "Pellino" therefore refers to Pellino 1 and Pellino 2 nucleic acid 

and polypeptide polymorphic variants, alleles, mutants, and interspecies homologs that: 
(1) have an amino acid sequence that has greater than about 60% amino acid sequence 
identity, 65%, 70%, 75%, 80%, 85%, 90%, preferably 91%, 92%, 93%, 94%, 95%, 96%, 
97%, 98% or 99% or greater amino acid sequence identity, preferably over a region of 

25 over a region of at least about 50, 100, 200, 500, 1000, or more amino acids, to a Pellino 
sequence of SEQ ID NO:2 or a Pellino 2 sequence of SEQ ID NO:4; (2) bind to 
antibodies, e.g., polyclonal antibodies, raised against an immunogen comprising an amino 
acid sequence of SEQ ID NO:2 or SEQ ID NO:4, and conservatively modified variants 
thereof; (3) specifically hybridize under stringent hybridization conditions to a Pellino 1 

30 or 2 nucleic acid sequence of SEQ ID NO: 1 or SEQ ID NO:3 and conservatively 

modified variants thereof; (4) have a nucleic acid sequence that has greater than about 
95%, preferably greater than about 96%, 97%, 98%, 99%, or higher nucleotide sequence 
identity, preferably over a region of at least about 50, 100, 200, 500, 1000, or more 
nucleotides, to SEQ ID NO:l or SEQ ID NO:3; or (5) for Pellino 2, are amplified by 



primers that specifically hybridize under stringent hybridization conditions to the same 
sequence as a primer set selected from the group consisting of 
ATGTTTTCCCCTGGCCAGGAGGAACAC (PELD1) (SEQ ID NO:5)and 
TCAGTCAATTGGACCTTGGAAAATTAA (PELD2) (SEQ ID NO:6). A Pellino 
5 polynucleotide or polypeptide sequence is typically from a mammal including, but not 
limited to, human, rat, mouse, hamster, cow, pig, horse, sheep, or any mammal. A 
"Pellino polynucleotide" and a "Pellino polypeptide," are both either naturally occurring 
or recombinant. The human Pellino 2 gene is located at chromosome 14Q21. As 
described above, Pellino polypeptides bind to the Pelle kinase and participate in signal 
1 0 transduction (see, e.g. , GroBhans et ah, Mechanisms of Development 8 1 : 1 27- 1 3 8 ( 1 999)) . 

The "level of Pellino mRNA" in a biological sample refers to the amount 
of mRNA transcribed from a Pellino gene that is present in a cell or a biological sample. 
The mRNA generally encodes a Pellino protein, often fully functional, although 
mutations or microdeletions may be present that alter or eliminate the function of the 
H 1 5 encoded protein. A "level of Pellino mRNA" need not be quantified, but can simply be 
yj detected, e.g., a subjective, visual detection by a human, with or without comparison to a 

level from a control sample or a level expected of a control sample. 

The "level of Pellino protein or polypeptide" in a biological sample refers 
fy to the amount of polypeptide translated from a Pellino mRNA that is present in a cell or 

20 biological sample. The polypeptide may or may not have Pellino protein activity. A 
§=* "level of Pellino protein" need not be quantified, but can simply be detected, e.g., a 

subjective, visual detection by a human, with or without comparison to a level from a 
control sample or a level expected of a control sample. 

A "full length" Pellino protein or nucleic acid refers to a Pellino 
25 polypeptide or polynucleotide sequence, or a variant thereof, that contains all of the 
elements normally contained in one or more naturally occurring, wild type Pellino 
polynucleotide or polypeptide sequences. 

"Biological sample" as used herein is a sample of biological tissue or fluid 
that contains nucleic acids or polypeptides of Pellino 1 and 2. Such samples include, but 
30 are not limited to, tissue isolated from humans, mice, and rats,. Biological samples may 
also include sections of tissues such as frozen sections taken for histologic purposes. A 
biological sample is typically obtained from a eukaryotic organism, such as insects, 
protozoa, birds, fish, reptiles, and preferably a mammal such as rat, mouse, cow, dog, 
guinea pig, or rabbit, and most preferably a primate such as chimpanzees or humans. 



"Providing a biological sample" means to obtain a biological sample for 
use in the methods described in this invention. Most often, this will be done by removing 
a sample of cells from an animal, but can also be accomplished by using previously 
isolated cells (e.g., isolated by another person, at another time, and/or for another 
5 purpose), or by performing the methods of the invention in vivo. 

A "control sample" refers to a sample of biological material representative 
of healthy, cancer-free animals. The level of Pellino 1 or 2 in a control sample is 
desirably typical of the general population of normal, cancer-free animals. This sample 
can be removed from an animal expressly for use in the methods described in this 

1 0 invention, or can be any biological material representative of normal, cancer- free animals. 
A control sample can also be obtained from normal tissue from the animal that has cancer 
or is suspected of having cancer. A control sample can also refer to an established level 
of Pellino 1 or 2, representative of the cancer-free population, that has been previously 
established based on measurements from normal, cancer-free animals. If a detection 

1 5 method is used that only detects Pellino 1 or 2 when a level higher than that typical of a 
normal, cancer- free animal is present, i.e., an immunohistochemical assay giving a simple 
positive or negative result, this is considered to be assessing the Pellino 1 or 2 level in 
comparison to the control level, as the control level is inherent in the assay. 

"Overexpression" or an "increased," or "elevated," level of a Pellino 

20 polynucleotide or protein refers to a level of Pellino 1 or 2 polynucleotide or polypeptide, 
that, in comparison with a control level of Pellino 1 or 2, is detectably higher. The 
method of comparison can be statistical, using quantified values for the level of Pellino, 
or can be compared using nonstatistical means, such as by a visual, subjective assessment 
by a human. 

25 A level of Pellino polypeptide or polynucleotide that is "expected" in a 

control sample refers to a level that represents a typical, cancer-free sample, and from 
which an elevated, or diagnostic, presence of Pellino polypeptide or polynucleotide can 
be distinguished. Preferably, an "expected" level will be controlled for such factors as the 
age, sex, medical history, etc. of the mammal, as well as for the particular biological 

30 sample being tested. 

The phrase "functional effects" in the context of assays for testing 
compounds that modulate Pellino activity includes the determination of any parameter 
that is indirectly or directly under the influence of Pellino, e.g., a functional, physical, or 
chemical effect, such as the ability to bind to activated Pelle kinase. It includes binding 



activity, signal transduction, the ability of cells to proliferate, gene amplification, or 
expression in cancer cells, and other characteristics of transformed cells. "Functional 
effects" include in vitro, in vivo, and ex vivo activities. 

By "determining the functional effect" is meant assaying for a compound 
5 that increases or decreases a parameter that is indirectly or directly under the influence of 
Pellino 1 or 2, e.g., functional, physical and chemical effects. Such functional effects can 
be measured by any means known to those skilled in the art, e.g., changes in 
spectroscopic characteristics {e.g., fluorescence, absorbance, refractive index), 
hydrodynamic (e.g., shape), chromatographic, or solubility properties for the protein, 

10 measuring inducible markers or transcriptional activation of Pellino 1 or 2; measuring 
binding activity or binding assays, e.g., ATP binding, and measuring cellular 
proliferation; measuring signal transduction; measuring cellular transformation, etc. 

"Inhibitors" and "modulators" of Pellino 1 and 2 are used to refer to 
inhibitory or modulating molecules identified using in vitro and in vivo assays of Pellino 

15 1 and 2. Inhibitors are compounds that, e.g., bind to, partially or totally block activity, 
decrease, prevent, delay activation, inactivate, desensitize, or down regulate the activity 
of Pellino 1 and 2, e.g., antagonists. Inhibitors or modulators also include genetically 
modified versions of Pellino 1 and 2, e.g., versions with altered activity, as well as 
naturally occurring and synthetic ligands, antagonists, agonists, antibodies, small 

20 chemical molecules and the like. Such assays for inhibitors and activators include, e.g., 
expressing Pellino 1 and 2 in vitro, in cells, or cell membranes, applying putative 
modulator compounds, and then determining the functional effects on Pellino activity, as 
described above. 

Samples or assays comprising Pellino 1 and/or 2 that are treated with a 
25 potential activator, inhibitor, or modulator are compared to control samples without the 
inhibitor, activator, or modulator to examine the extent of inhibition. Control samples 
(untreated with inhibitors) are assigned a relative Pellino activity value of 100%. 
Inhibition of a Pellino polypeptide is achieved when the Pellino activity value relative to 
the control is about 80%, preferably 50%, more preferably 25-0%. Activation of a 
30 Pellino polypeptide is achieved when the Pellino activity value relative to the control 
(untreated with activators) is 110%, more preferably 150%, more preferably 200-500% 
(i.e., two to five fold higher relative to the control), more preferably 1000-3000% higher. 

The terms "isolated" "purified" or "biologically pure" refer to material that 
is substantially or essentially free from components which normally accompany it as 

10 
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found in its native state. Purity and homogeneity are typically determined using 
analytical chemistry techniques such as polyacrylamide gel electrophoresis or high 
performance liquid chromatography. A protein that is the predominant species present in 
a preparation is substantially purified. In particular, an isolated Pellino nucleic acid is 
5 separated from open reading frames that flank a Pellino gene and encode proteins other 
than Pellino 1 or 2. The term "purified" denotes that a nucleic acid or protein gives rise 
to essentially one band in an electrophoretic gel. Particularly, it means that the nucleic 
acid or protein is at least 85% pure, more preferably at least 95% pure, and most 
preferably at least 99% pure. 

10 "Nucleic acid" refers to deoxyribonucleo tides or ribonucleotides and 

polymers thereof in either single- or double-stranded form. The term encompasses 
nucleic acids containing known nucleotide analogs or modified backbone residues or 
linkages, which are synthetic, naturally occurring, and non-naturally occurring, which 
have similar binding properties as the reference nucleic acid, and which are metabolized 

15 in a manner similar to the reference nucleotides. Examples of such analogs include, 

without limitation, phosphorothioates, phosphoramidates, methyl phosphonates, chiral- 
methyl phosphonates, 2-O-methyl ribonucleotides, peptide-nucleic acids (PNAs). 

Unless otherwise indicated, a particular nucleic acid sequence also 
implicitly encompasses conservatively modified variants thereof (e.g., degenerate codon 

20 substitutions) and complementary sequences, as well as the sequence explicitly indicated. 
Specifically, degenerate codon substitutions may be achieved by generating sequences in 
which the third position of one or more selected (or all) codons is substituted with mixed- 
base and/or deoxyinosine residues (Batzer et al., Nucleic Acid Res . 19:5081 (1991); 
Ohtsuka et al., J. Biol. Chem. 260:2605-2608 (1985); Rossolini et al, Mol. Cell. Probes 

25 8:91-98 (1994)). The term nucleic acid is used interchangeably with gene, cDNA, 
mRNA, oligonucleotide, and polynucleotide. 

A "host cell" is a naturally occurring cell or a transformed cell that 
contains an expression vector and supports the replication or expression of the expression 
vector. Host cells may be cultured cells, explants, cells in vivo, and the like. Host cells 

30 may be prokaryotic cells such as E. coli, or eukaryotic cells such as yeast, insect, 
amphibian, or mammalian cells such as CHO, HeLa, and the like. 

The terms "polypeptide," "peptide" and "protein" are used interchangeably 
herein to refer to a polymer of amino acid residues. The terms apply to amino acid 
polymers in which one or more amino acid residue is an artificial chemical mimetic of a 
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corresponding naturally occurring amino acid, as well as to naturally occurring amino 
acid polymers and non-naturally occurring amino acid polymer. 

The term "amino acid" refers to naturally occurring and synthetic amino 
acids, as well as amino acid analogs and amino acid mimetics that function in a manner 
5 similar to the naturally occurring amino acids. Naturally occurring amino acids are those 
encoded by the genetic code, as well as those amino acids that are later modified, e.g., 
hydroxyproline, y-carboxyglutamate, and O-phosphoserine. Amino acid analogs refers to 
compounds that have the same basic chemical structure as a naturally occurring amino 
acid, i.e., an a carbon that is bound to a hydrogen, a carboxyl group, an amino group, and 

10 an R group, e.g., homoserine, norleucine, methionine sulfoxide, methionine methyl 

sulfonium. Such analogs have modified R groups (e.g., norleucine) or modified peptide 
backbones, but retain the same basic chemical structure as a naturally occurring amino 
acid. Amino acid mimetics refers to chemical compounds that have a structure that is 
different from the general chemical structure of an amino acid, but that functions in a 

1 5 manner similar to a naturally occurring amino acid. 

Amino acids may be referred to herein by either their commonly known 
three letter symbols or by the one-letter symbols recommended by the IUPAC-IUB 
Biochemical Nomenclature Commission. Nucleotides, likewise, may be referred to by 
their commonly accepted single-letter codes. 

20 "Conservatively modified variants" applies to both amino acid and nucleic 

acid sequences. With respect to particular nucleic acid sequences, conservatively 
modified variants refers to those nucleic acids which encode identical or essentially 
identical amino acid sequences, or where the nucleic acid does not encode an amino acid 
sequence, to essentially identical sequences. Because of the degeneracy of the genetic 

25 code, a large number of functionally identical nucleic acids encode any given protein. 
For instance, the codons GCA, GCC, GCG and GCU all encode the amino acid alanine. 
Thus, at every position where an alanine is specified by a codon, the codon can be altered 
to any of the corresponding codons described without altering the encoded polypeptide. 
Such nucleic acid variations are "silent variations," which are one species of 

30 conservatively modified variations. Every nucleic acid sequence herein which encodes a 
polypeptide also describes every possible silent variation of the nucleic acid. One of skill 
will recognize that each codon in a nucleic acid (except AUG, which is ordinarily the 
only codon for methionine, and TGG, which is ordinarily the only codon for tryptophan) 
can be modified to yield a functionally identical molecule. Accordingly, each silent 



variation of a nucleic acid which encodes a polypeptide is implicit in each described 
sequence. 

As to amino acid sequences, one of skill will recognize that individual 
substitutions, deletions or additions to a nucleic acid, peptide, polypeptide, or protein 
5 sequence which alters, adds or deletes a single amino acid or a small percentage of amino 
acids in the encoded sequence is a "conservatively modified variant" where the alteration 
results in the substitution of an amino acid with a chemically similar amino acid. 
Conservative substitution tables providing functionally similar amino acids are well 
known in the art. Such conservatively modified variants are in addition to and do not 
10 exclude polymorphic variants, interspecies homologs, and alleles of the invention. 

The following eight groups each contain amino acids that are conservative 
substitutions for one another: 

1) Alanine (A), Glycine (G); 

2) Aspartic acid (D), Glutamic acid (E); 
15 3) Asparagine (N), Glutamine (Q); 

4) Arginine (R), Lysine (K); 

5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); 

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W); 

7) Serine (S), Threonine (T); and 
20 8) Cysteine (C), Methionine (M) 

(see, e.g., Creighton, Proteins (1984)). 

Macromolecular structures such as polypeptide structures can be described 
in terms of various levels of organization. For a general discussion of this organization, 
see, e.g., Alberts et ah, Molecular Biology of the Cell (3 rd ed., 1994) and Cantor and 

25 Schimmel, Biophysical Chemistry Part I: The Conformation of Biological 

Macromolecules (1980). "Primary structure" refers to the amino acid sequence of a 
particular peptide. "Secondary structure" refers to locally ordered, three dimensional 
structures within a polypeptide. These structures are commonly known as domains. 
Domains are portions of a polypeptide that form a compact unit of the polypeptide and 

30 are typically 25 to approximately 500 amino acids long. Typical domains are made up of 
sections of lesser organization such as stretches of P-sheet and a-helices. "Tertiary 
structure" refers to the complete three dimensional structure of a polypeptide monomer. 
"Quaternary structure" refers to the three dimensional structure formed by the 

13 
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noncovalent association of independent tertiary units. Anisotropic terms are also known 
as energy terms. 

A "label" or a "detectable moiety" is a composition detectable by 
spectroscopic, photochemical, biochemical, immunochemical, or chemical means. For 
5 example, useful labels include 32 P, fluorescent dyes, electron-dense reagents, enzymes 
(e.g., as commonly used in an ELISA), biotin, digoxigenin, or haptens and proteins for 
which ant or 7 can be made detectable, e.g., by incorporating a radiolabel into the peptide, 
and used to detect antibodies specifically reactive with the peptide). 

A "labeled nucleic acid probe or oligonucleotide" is one that is bound, 

10 either covalently, through a linker or a chemical bond, or noncovalently, through ionic, 
van der Waals, electrostatic, or hydrogen bonds to a label such that the presence of the 
probe may be detected by detecting the presence of the label bound to the probe. 

As used herein a "nucleic acid probe or oligonucleotide" is defined as a 
nucleic acid capable of binding to a target nucleic acid of complementary sequence 

1 5 through one or more types of chemical bonds, usually through complementary base 

pairing, usually through hydrogen bond formation. As used herein, a probe may include 
natural (i.e., A, G, C, or T) or modified bases (7-deazaguanosine, inosine, etc.). In 
addition, the bases in a probe may be joined by a linkage other than a phosphodiester 
bond, so long as it does not interfere with hybridization. Thus, for example, probes may 

20 be peptide nucleic acids in which the constituent bases are joined by peptide bonds rather 
than phosphodiester linkages. It will be understood by one of skill in the art that probes 
may bind target sequences lacking complete complementarity with the probe sequence 
depending upon the stringency of the hybridization conditions. The probes are preferably 
directly labeled as with isotopes, chromophores, lumiphores, chromogens, or indirectly 

25 labeled such as with biotin to which a streptavidin complex may later bind. By assaying 
for the presence or absence of the probe, one can detect the presence or absence of the 
select sequence or subsequence. 

The term "recombinant" when used with reference, e.g., to a cell, or 
nucleic acid, protein, or vector, indicates that the cell, nucleic acid, protein or vector, has 

30 been modified by the introduction of a heterologous nucleic acid or protein or the 

alteration of a native nucleic acid or protein, or that the cell is derived from a cell so 
modified. Thus, for example, recombinant cells express genes that are not found within 
the native (non-recombinant) form of the cell or express native genes that are otherwise 
abnormally expressed, under expressed or not expressed at all. 

14 



The term "heterologous" when used with reference to portions of a nucleic 
acid indicates that the nucleic acid comprises two or more subsequences that are not 
found in the same relationship to each other in nature. For instance, the nucleic acid is 
typically recombinantly produced, having two or more sequences from unrelated genes 
5 arranged to make a new functional nucleic acid, e.g. , a promoter from one source and a 
coding region from another source. Similarly, a heterologous protein indicates that the 
protein comprises two or more subsequences that are not found in the same relationship to 
each other in nature {e.g., a fusion protein). 

A "promoter" is defined as an array of nucleic acid control sequences that 

10 direct transcription of a nucleic acid. As used herein, a promoter includes necessary 
nucleic acid sequences near the start site of transcription, such as, in the case of a 
polymerase II type promoter, a TATA element. A promoter also optionally includes 
distal enhancer or repressor elements, which can be located as much as several thousand 
base pairs from the start site of transcription. A "constitutive" promoter is a promoter that 

15 is active under most environmental and developmental conditions. An "inducible" 

promoter is a promoter that is active under environmental or developmental regulation. 
The term "operably linked" refers to a functional linkage between a nucleic acid 
expression control sequence (such as a promoter, or array of transcription factor binding 
sites) and a second nucleic acid sequence, wherein the expression control sequence 

20 directs transcription of the nucleic acid corresponding to the second sequence. 

An "expression vector" is a nucleic acid construct, generated 
recombinantly or synthetically, with a series of specified nucleic acid elements that 
permit transcription of a particular nucleic acid in a host cell. The expression vector can 
be part of a plasmid, virus, or nucleic acid fragment. Typically, the expression vector 

25 includes a nucleic acid to be transcribed operably linked to a promoter. 

The terms "identical" or percent "identity," in the context of two or more 
nucleic acids or polypeptide sequences, refer to two or more sequences or subsequences 
that are the same or have a specified percentage of amino acid residues or nucleotides that 
are the same (i.e., about 70% identity, preferably 75%, 80%, 85%, 90%, 91%, 92%, 93%, 

30 94%, 95%, 96%, 97%, 98%, 99%, or higher identity over a specified region (e.g., SEQ ED 
NOS:l-4), when compared and aligned for maximum correspondence over a comparison 
window or designated region) as measured using a BLAST or BLAST 2.0 sequence 
comparison algorithms with default parameters described below, or by manual alignment 
and visual inspection. Such sequences are then said to be "substantially identical." This 

15 
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definition also refers to the compliment of a test sequence. The definition also includes 
sequences that have deletions and/or additions, as well as those that have substitutions. 
As described below, the preferred algorithms can account for gaps and the like. 
Preferably, the identity exists over a region that is at least about 25 amino acids or 
5 nucleotides in length, or more preferably over a region that is 50-1 00 amino acids or 
nucleotides in length. 

For sequence comparison, typically one sequence acts as a reference 
sequence, to which test sequences are compared. When using a sequence comparison 
algorithm, test and reference sequences are entered into a computer, subsequence 
10 coordinates are designated, if necessary, and sequence algorithm program parameters are 
designated. Default program parameters can be used, or alternative parameters can be 
designated. The sequence comparison algorithm then calculates the percent sequence 
identities for the test sequences relative to the reference sequence, based on the program 
parameters. 

15 A "comparison window", as used herein, includes reference to a segment 

of any one of the number of contiguous positions selected from the group consisting of 
from 20 to 600, usually about 50 to about 200, more usually about 100 to about 150 in 
which a sequence may be compared to a reference sequence of the same number of 
contiguous positions after the two sequences are optimally aligned. Methods of 

20 alignment of sequences for comparison are well-known in the art. Optimal alignment of 
sequences for comparison can be conducted, e.g., by the local homology algorithm of 
Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the homology alignment 
algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the search for 
similarity method of Pearson & Lipman, Proc. Nat 'I. Acad. Sci. USA 85:2444 (1988), by 

25 computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and 

TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575 
Science Dr., Madison, WI), or by manual alignment and visual inspection (see, e.g., 
Current Protocols in Molecular Biology (Ausubel et ah, eds. 1995 supplement)). 

A preferred example of algorithm that is suitable for determining percent 

30 sequence identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, 

which are described in Altschul et al, Nuc. Acids Res. 25:3389-3402 (1977) and Altschul 
et al, J. Mol. Biol. 215:403-410 (1990), respectively. BLAST and BLAST 2.0 are used, 
with the parameters described herein, to determine percent sequence identity for the 
nucleic acids and proteins of the invention. Software for performing BLAST analyses is 
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publicly available through the National Center for Biotechnology Information 
(http://www.ncbi.nlm.nih.gov/). This algorithm involves first identifying high scoring 
sequence pairs (HSPs) by identifying short words of length W in the query sequence, 
which either match or satisfy some positive- valued threshold score T when aligned with a 
5 word of the same length in a database sequence. T is referred to as the neighborhood 
word score threshold (Altschul et al, supra). These initial neighborhood word hits act as 
seeds for initiating searches to find longer HSPs containing them. The word hits are 
extended in both directions along each sequence for as far as the cumulative alignment 
score can be increased. Cumulative scores are calculated using, for nucleotide sequences, 

10 the parameters M (reward score for a pair of matching residues; always > 0) and N 
(penalty score for mismatching residues; always < 0). For amino acid sequences, a 
scoring matrix is used to calculate the cumulative score. Extension of the word hits in 
each direction are halted when: the cumulative alignment score falls off by the quantity X 
from its maximum achieved value; the cumulative score goes to zero or below, due to the 

1 5 accumulation of one or more negative-scoring residue alignments; or the end of either 
sequence is reached. The BLAST algorithm parameters W, T, and X determine the 
sensitivity and speed of the alignment. The BLASTN program (for nucleotide sequences) 
uses as defaults a wordlength (W) of 1 1, an expectation (E) of 10, M=5, N=-4 and a 
comparison of both strands. For amino acid sequences, the BLASTP program uses as 

20 defaults a wordlength of 3, and expectation (E) of 10, and the BLOSUM62 scoring matrix 
(see Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA 89:10915 (1989)) alignments (B) 
of 50, expectation (E) of 10, M=5, N=-4, and a comparison of both strands. 

The BLAST algorithm also performs a statistical analysis of the similarity 
between two sequences (see, e.g., Karlin & Altschul, Proc. Nat 'I. Acad. Sci. USA 

25 90:5873-5787 (1993)). One measure of similarity provided by the BLAST algorithm is 
the smallest sum probability (P(N)), which provides an indication of the probability by 
which a match between two nucleotide or amino acid sequences would occur by chance. 
For example, a nucleic acid is considered similar to a reference sequence if the smallest 
sum probability in a comparison of the test nucleic acid to the reference nucleic acid is 

30 less than about 0.2, more preferably less than about 0.01, and most preferably less than 
about 0.001. 

An indication that two nucleic acid sequences or polypeptides are 
substantially identical is that the polypeptide encoded by the first nucleic acid is 
immunologically cross reactive with the antibodies raised against the polypeptide 



encoded by the second nucleic acid, as described below. Thus, a polypeptide is typically 
substantially identical to a second polypeptide, for example, where the two peptides differ 
only by conservative substitutions. Another indication that two nucleic acid sequences 
are substantially identical is that the two molecules or their complements hybridize to 
5 each other under stringent conditions, as described below. Yet another indication that 
two nucleic acid sequences are substantially identical is that the same primers can be used 
to amplify the sequence. 

The phrase "selectively (or specifically) hybridizes to" refers to the 
binding, duplexing, or hybridizing of a molecule only to a particular nucleotide sequence 

10 under stringent hybridization conditions when that sequence is present in a complex 
mixture (e.g., total cellular or library DNA or RNA). 

The phrase "stringent hybridization conditions" refers to conditions under 
which a probe will hybridize to its target subsequence, typically in a complex mixture of 
nucleic acid, but to no other sequences. Stringent conditions are sequence-dependent and 

15 will be different in different circumstances. Longer sequences hybridize specifically at 
higher temperatures. An extensive guide to the hybridization of nucleic acids is found in 
Tijssen, Techniques in Biochemistry and Molecular Biology— Hybridization with Nucleic 
Probes, "Overview of principles of hybridization and the strategy of nucleic acid assays" 
(1993). Generally, stringent conditions are selected to be about 5-1 0°C lower than the 

20 thermal melting point (T m ) for the specific sequence at a defined ionic strength pH. The 
T m is the temperature (under defined ionic strength, pH, and nucleic concentration) at 
which 50% of the probes complementary to the target hybridize to the target sequence at 
equilibrium (as the target sequences are present in excess, at T m , 50% of the probes are 
occupied at equilibrium). Stringent conditions will be those in which the salt 

25 concentration is less than about 1.0 M sodium ion, typically about 0.01 to 1.0 M sodium 
ion concentration (or other salts) at pH 7.0 to 8.3 and the temperature is at least about 
30°C for short probes (e.g., 10 to 50 nucleotides) and at least about 60°C for long probes 
(e.g., greater than 50 nucleotides). Stringent conditions may also be achieved with the 
addition of destabilizing agents such as formamide. For selective or specific 

30 hybridization, a positive signal is at least two times background, preferably 10 times 
background hybridization. Exemplary stringent hybridization conditions can be as 
following: 50% formamide, 5x SSC, and 1% SDS, incubating at 42°C, or, 5x SSC, 1% 
SDS, incubating at 65°C, with wash in 0.2x SSC, and 0.1% SDS at 65°C. For PCR, a 
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temperature of about 36°C is typical for low stringency amplification, although annealing 
temperatures may vary between about 32°C and 48°C depending on primer length. For 
high stringency PCR amplification, a temperature of about 62°C is typical, although high 
stringency annealing temperatures can range from about 50°C to about 65°C, depending 
5 on the primer length and specificity. Typical cycle conditions for both high and low 

stringency amplifications include a denaturation phase of 90°C - 95 °C for 30 sec - 2 min., 
an annealing phase lasting 30 sec. - 2 min., and an extension phase of about 72°C for 1 - 2 
min. 

Nucleic acids that do not hybridize to each other under stringent conditions 

10 are still substantially identical if the polypeptides which they encode are substantially 
identical. This occurs, for example, when a copy of a nucleic acid is created using the 
maximum codon degeneracy permitted by the genetic code. In such cases, the nucleic 
acids typically hybridize under moderately stringent hybridization conditions. Exemplary 
"moderately stringent hybridization conditions" include a hybridization in a buffer of 

15 40% formamide, 1 M NaCl, 1% SDS at 37°C, and a wash in IX SSC at 45°C. A positive 
hybridization is at least twice background. Those of ordinary skill will readily recognize 
that alternative hybridization and wash conditions can be utilized to provide conditions of 
similar stringency. 

"Antibody" refers to a polypeptide comprising a framework region from 

20 an immunoglobulin gene or fragments thereof that specifically binds and recognizes an 
antigen. The recognized immunoglobulin genes include the kappa, lambda, alpha, 
gamma, delta, epsilon, and mu constant region genes, as well as the myriad 
immunoglobulin variable region genes. Light chains are classified as either kappa or 
lambda. Heavy chains are classified as gamma, mu, alpha, delta, or epsilon, which in turn 

25 define the immunoglobulin classes, IgG, IgM, IgA, IgD and IgE, respectively. 

An exemplary immunoglobulin (antibody) structural unit comprises a 
tetramer. Each tetramer is composed of two identical pairs of polypeptide chains, each 
pair having one "light" (about 25 kD) and one "heavy" chain (about 50-70 kD). The N- 
terminus of each chain defines a variable region of about 100 to 1 10 or more amino acids 

30 primarily responsible for antigen recognition. The terms variable light chain (V L ) and 
variable heavy chain (V H ) refer to these light and heavy chains respectively. 

Antibodies exist, e.g., as intact immunoglobulins or as a number of well- 
characterized fragments produced by digestion with various peptidases. Thus, for 
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example, pepsin digests an antibody below the disulfide linkages in the hinge region to 
produce F(ab)' 2 , a dimer of Fab which itself is a light chain joined to V h -Ch1 by a 
disulfide bond. The F(ab)' 2 may be reduced under mild conditions to break the disulfide 
linkage in the hinge region, thereby converting the F(ab)'2 dimer into an Fab' monomer. 
5 The Fab' monomer is essentially Fab with part of the hinge region {see Fundamental 
Immunology (Paul ed., 3d ed. 1993). While various antibody fragments are defined in 
terms of the digestion of an intact antibody, one of skill will appreciate that such 
fragments may be synthesized de novo either chemically or by using recombinant DNA 
methodology. Thus, the term antibody, as used herein, also includes antibody fragments 

10 either produced by the modification of whole antibodies, or those synthesized de novo 
using recombinant DNA methodologies {e.g., single chain Fv) or those identified using 
phage display libraries {see, e.g., McCafferty et al, Nature 348:552-554 (1990)) 

For preparation of antibodies, e.g., recombinant, monoclonal, or polyclonal 
antibodies, any technique known in the art can be used {see, e.g., Kohler & Milstein, 

15 Nature 256:495-497 (1975); Kozbor et al, Immunology Today 4: 72 (1983); Cole et al, 
pp. 77-96 in Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc. (1985)). 
Techniques for the production of single chain antibodies (U.S. Patent 4,946,778) can be 
adapted to produce antibodies to polypeptides of this invention. Also, transgenic mice, or 
other organisms such as other mammals, may be used to express humanized antibodies. 

20 Alternatively, phage display technology can be used to identify antibodies and 
heteromeric Fab fragments that specifically bind to selected antigens {see, e.g., 
McCafferty et al, Nature 348:552-554 (1990); Marks et al, Biotechnology 10:779-783 
(1992)). 

A "chimeric antibody" is an antibody molecule in which (a) the constant 
25 region, or a portion thereof, is altered, replaced or exchanged so that the antigen binding 
site (variable region) is linked to a constant region of a different or altered class, effector 
function and/or species, or an entirely different molecule which confers new properties to 
the chimeric antibody, e.g., an enzyme, toxin, hormone, growth factor, drug, etc.; or (b) 
the variable region, or a portion thereof, is altered, replaced or exchanged with a variable 
30 region having a different or altered antigen specificity. 

An "anti-Pellino" antibody is an antibody or antibody fragment that 
specifically binds a polypeptide encoded by a Pellino gene, cDNA, or a subsequence 
thereof. 
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The term "immunoassay" is an assay that uses an antibody to specifically 
bind an antigen. The immunoassay is characterized by the use of specific binding 
properties of a particular antibody to isolate, target, and/or quantify the antigen. 

The phrase "specifically (or selectively) binds" to an antibody or 
5 "specifically (or selectively) immunoreactive with," when referring to a protein or 

peptide, refers to a binding reaction that is determinative of the presence of the protein in 
a heterogeneous population of proteins and other biologies. Thus, under designated 
immunoassay conditions, the specified antibodies bind to a particular protein at least two 
times the background and do not substantially bind in a significant amount to other 

10 proteins present in the sample. Specific binding to an antibody under such conditions 
may require an antibody that is selected for its specificity for a particular protein. For 
example, antibodies raised to a particular Pellino polypeptide can be selected to obtain 
only those antibodies that are specifically immunoreactive with the Pellino polypeptide, 
e.g., Pellino 1 or 2, and not with other proteins, except for polymorphic variants, 

15 orthologs, and alleles of the specific Pellino polypeptide. In addition, antibodies raised to 
a particular Pellino polypeptide ortholog can be selected to obtain only those antibodies 
that are specifically immunoreactive with the Pellino polypeptide ortholog, e.g., human 
Pellino 1 or 2, and not with other orthologous proteins, except for polymorphic variants, 
mutants, and alleles of the Pellino polypeptide ortholog. This selection may be achieved 

20 by subtracting out antibodies that cross-react with desired Pellino molecules. A variety of 
immunoassay formats may be used to select antibodies specifically immunoreactive with 
a particular protein. For example, solid-phase ELISA immunoassays are routinely used to 
select antibodies specifically immunoreactive with a protein (see, e.g., Harlow & Lane, 
Antibodies, A Laboratory Manual (1988), for a description of immunoassay formats and 

25 conditions that can be used to determine specific immunoreactivity). Typically a specific 
or selective reaction will be at least twice background signal or noise and more typically 
more than 10 to 100 times background. 

The phrase "selectively associates with" refers to the ability of a nucleic 
acid to "selectively hybridize" with another as defined above, or the ability of an antibody 

30 to "selectively (or specifically) bind to a protein, as defined above. 



Detecting Pellino Polynucleotides and Polypeptides 

Detection of Pellino 1 and Pellino 2 polynucleotides and polypeptides can 
involve quantitative or qualitative detection of the polypeptide or polynucleotide, and can 



involve an actual comparison with a control value or, alternatively, may be performed so 
that the detection itself inherently indicates an increased level, or "diagnostic presence" of 
Pellino 1 or Pellino 2. As used herein, a "diagnostic presence" indicates any level of 
Pellino 1 or Pellino 2 that is greater than that expected in a noncancerous sample. In a 
5 one embodiment, assays for a Pellino 1 or Pellino 2 polypeptide or polynucleotide in a 
biological sample are conducted under conditions wherein a normal level of Pellino 
polypeptide or polynucleotide, i.e., a level typical of a noncancerous sample, i.e., cancer- 
free, would not be detected. In such assays, therefore, the detection of any Pellino 
polypeptide or nucleic acid in the biological sample indicates a diagnostic presence, or 

10 increased level. 

In certain embodiments, the level of Pellino 1 or Pellino 2 polynucleotide, 
polypeptide, or protein activity will be quantified. In such embodiments, the difference 
between an elevated level of Pellino 1 or Pellino 2 and a normal, control level will 
preferably be statistically significant. Typically, a diagnostic presence, i.e., 

15 overexpression or an increase of Pellino 1 or Pellino 2 polypeptide or nucleic acid, 

represents at least about a 1.5, 2, 5, 10, or greater fold increase in the level of Pellino 1 or 
Pellino 2 polypeptide or polynucleotide in the biological sample compared to a level 
expected in a noncancerous sample. Detection of Pellino 1 or Pellino 2 can be performed 
in vitro, i.e., in cells within a biological sample taken from the mammal, or in vivo. 

20 As described below, any of a number of methods to detect Pellino 1 or 

Pellino 2 can be used. A Pellino 1 or Pellino 2 polynucleotide level can be detected by 
detecting any Pellino 1 or Pellino 2 or RNA, including Pellino 1 or Pellino 2 genomic 
DNA, mRNA, and cDNA. A Pellino 1 or Pellino 2 polypeptide can be detected by 
detecting a Pellino 1 or Pellino 2 polypeptide itself, or by detecting Pellino 1 or Pellino 2 

25 protein activity. Detection can involve quantification of the level of Pellino 1 or Pellino 2 
{e.g., genomic DNA, cDNA, mRNA, or protein level, or protein activity), or, 
alternatively, can be a qualitative assessment of the level, or of the presence or absence, 
of Pellino 1 or Pellino 2, in particular in comparison with a control level. Any of a 
number of methods to detect any of the above can be used, as described infra. Such 

30 methods include, for example, hybridization, amplification, and other assays. 

In certain embodiments, the ability to detect an increased level, or 
diagnostic presence, in a cell is used as a marker for cancer cells, i.e., to monitor the 
number or localization of cancer cells in a patient, as detected in vivo or in vitro. 

22 
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Typically, the Pellino 1 or Pellino 2 polynucleotides or polypeptides 
detected herein will be at least about 70% identical, and preferably 75%, 80%, 85%, 90%, 
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical, over a region of at 
least about 50, 100, 200, or more nucleotides, or 20, 50, 100, or more amino acids, to 
SEQ ID NO: 1-4, or to one or more Pellino 1 or Pellino 2 sequences available, e.g., from 
GenBank {see, e.g., human Pellino 1 rnRNA, Accession No. AF302505.1 (complete cds) 
and AJ278859.1 (ORF 1); human Pellino 1 protein (LOC57334), mRNA NM_020651.1; 
mouse Pellino 1 mRNA, Accession No. AF302503.1 (complete cds); human Pellino 2 
mRNA, Accession No. AF302502.1 (complete cds); mouse Pellino 2 mRNA, Accession 
No. AF302504.1 (complete cds); Drosophila melanogaster Pellino mRNA, Accession 
No. AF091624.1; Caenorhabditis elegans Pellino mRNA, Accession No. AJ288951.1; 
and dona intestinalis Pellino mRNA, Accession No. AB036851.1.). Such 
polynucleotides or polypeptides can represent functional or nonfunctional forms of 
Pellino 1 or 2, or any variant, derivative, or fragment thereof. 

Typically, the level and/or presence of Pellino 1 or 2 polynucleotides or 
polypeptides will be detected in a biological sample. A "biological sample" refers to a 
cell or population of cells or a quantity of tissue or fluid from an animal. Most often, the 
sample has been removed from an animal, but the term "biological sample" can also refer 
to cells or tissue analyzed in vivo, i.e., without removal from the animal. Typically, a 
"biological sample" will contain cells from the animal, but the term can also refer to 
noncellular biological material, such as noncellular fractions of blood, saliva, or urine, 
that can be used to measure Pellino 1 or 2 levels. Numerous types of biological samples 
can be used in the present invention, including, but not limited to, a tissue biopsy, a blood 
sample, a buccal scrape, a saliva sample, or a nipple discharge. 

As used herein, a "tissue biopsy" refers to an amount of tissue removed 
from an animal for diagnostic analysis. In a patient with cancer, tissue may be removed 
from a tumor, allowing the analysis of cells within the tumor. "Tissue biopsy" can refer 
to any type of biopsy, such as needle biopsy, fine needle biopsy, surgical biopsy, etc. 

Detection of Copy Number 

In one embodiment, the presence of cancer is evaluated by determining the 
copy number of Pellino 1 or 2 genes, i.e., the number of DNA sequences in a cell 
encoding a Pellino 1 or 2 protein. Generally, for a given autosomal gene, an animal has 
two copies of each gene. The copy number can be increased, however, by gene 
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amplification or duplication, e.g., in cancer cells, or reduced by deletion. Methods of 
evaluating the copy number of a particular gene are well known to those of skill in the art, 
and include, inter alia, hybridization and amplification based assays. 



5 Hybridization-based Assays 

Any of a number of hybridization based assays can be used to detect the 
copy number of Pellino 1 or 2 genes in the cells of a biological sample. One such method 
is by Southern blot. In a Southern blot, genomic DNA is typically fragmented, separated 
electrophoretically, transferred to a membrane, and subsequently hybridized to a Pellino 1 

10 or 2 specific probe. Comparison of the intensity of the hybridization signal from the 
probe for the target region with a signal from a control probe for a region of normal 
genomic DNA (e.g., a nonamplified portion of the same or related cell, tissue, organ, etc.) 
provides an estimate of the relative Pellino 1 or 2 copy number. Southern blot 
methodology is well known in the art and is described, e.g., in Ausubel et al., or 

1 5 Sambrook et al, supra. 

An alternative means for determining the copy number of Pellino 1 or 2 
genes in a sample is by in situ hybridization, e.g., fluorescence in situ hybridization, or 
FISH. In situ hybridization assays are well known (e.g., Angerer (1987) Meth. Enzymol 
152: 649). Generally, in situ hybridization comprises the following major steps: (1) 

20 fixation of tissue or biological structure to be analyzed; (2) prehybridization treatment of 
the biological structure to increase accessibility of target DNA, and to reduce nonspecific 
binding; (3) hybridization of the mixture of nucleic acids to the nucleic acid in the 
biological structure or tissue; (4) post-hybridization washes to remove nucleic acid 
fragments not bound in the hybridization and (5) detection of the hybridized nucleic acid 

25 fragments. 

The probes used in such applications are typically labeled, e.g., with 
radioisotopes or fluorescent reporters. Preferred probes are sufficiently long, e.g., from 
about 50, 100, or 200 nucleotides to about 1000 or more nucleotides, so as to specifically 
hybridize with the target nucleic acid(s) under stringent conditions. 
30 In numerous embodiments, "comparative probe" methods, such as 

comparative genomic hybridization (CGH), are used to detect Pellino 1 or 2 gene 
amplification. In comparative genomic hybridization methods, a "test" collection of 
nucleic acids is labeled with a first label, while a second collection (e.g., from a healthy 
cell or tissue) is labeled with a second label. The ratio of hybridization of the nucleic 
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acids is determined by the ratio of the first and second labels binding to each fiber in an 
array. Differences in the ratio of the signals from the two labels, e.g., due to gene 
amplification in the test collection, is detected and the ratio provides a measure of the 
Pellino 1 or 2 gene copy number. 
5 Hybridization protocols suitable for use with the methods of the invention 

are described, e.g., in Albertson (1984) EMBO J. 3: 1227-1234; Pinkel (1988) Proc. 
Natl. Acad. Sci. USA 85: 9138-9142; EPO Pub. No. 430,402; Methods in Molecular 
Biology, Vol. 33: In Situ Hybridization Protocols, Choo, ed., Humana Press, Totowa, NJ 
(1994), etc. 

10 

Amplification-based Assays 

In another embodiment, amplification-based assays are used to measure 
the copy number of Pellino 1 or 2 genes. In such assays, the Pellino 1 or 2 nucleic acid 
sequences act as a template in an amplification reaction {e.g., Polymerase Chain Reaction, 

15 or PCR). In a quantitative amplification, the amount of amplification product will be 

proportional to the amount of template in the original sample. Comparison to appropriate 
controls provides a measure of the copy number of the Pellino 1 or 2 gene. Methods of 
quantitative amplification are well known to those of skill in the art. Detailed protocols 
for quantitative PCR are provided, e.g., in Innis et al. (1990) PCR Protocols, A Guide to 

20 Methods and Applications, Academic Press, Inc. N.Y.). The known nucleic acid 

sequence for Pellino 1 or 2 {see, e.g., SEQ ID NO:l or 3) is sufficient to enable one of 
skill to routinely select primers to amplify any portion of the gene. 

In preferred embodiments, a TaqMan based assay is used to quantify 
Pellino 1 or 2 polynucleotides. TaqMan based assays use a fluorogenic oligonucleotide 

25 probe that contains a 5' fluorescent dye and a 3' quenching agent. The probe hybridizes 
to a PCR product, but cannot itself be extended due to a blocking agent at the 3' end. 
When the PCR product is amplified in subsequent cycles, the 5' nuclease activity of the 
polymerase, e.g., AmpliTaq, results in the cleavage of the TaqMan probe. This cleavage 
separates the 5' fluorescent dye and the 3' quenching agent, thereby resulting in an 

30 increase in fluorescence as a function of amplification {see, for example, literature 
provided by Perkin-Elmer, e.g., www2.perkin-elmer.com). 

Other suitable amplification methods include, but are not limited to, ligase 
chain reaction (LCR) {see, Wu and Wallace (1989) Genomics 4: 560, Landegren et al. 
(1988) Science 241: 1077, and Barringer et al. (1990) Gene 89: 1 17), transcription 
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amplification (Kwoh et al. (1989) Proc. Natl. Acad. Sci. USA 86: 1173), self-sustained 
sequence replication (Guatelli et al. (1990) Proc. Nat. Acad. Sci. USA 87: 1874), dot 
PCR, and linker adapter PCR, etc. 

5 Detection of Pellino 1 or 2 mRNA expression 

Direct hybridization-based assays 

Methods of detecting and/or quantifying the level of Pellino 1 or 2 gene 
transcripts (mRNA or cDNA made therefrom) using nucleic acid hybridization techniques 
are known to those of skill in the art {see, Sambrook et al, (1989) Molecular Cloning: A 
10 Laboratory Manual, 2d Ed., vols 1-3, Cold Spring Harbor Press, New York). 

For example, one method for evaluating the presence, absence, or quantity 
of Pellino 1 or 2 cDNA involves a Northern blot. In brief, in a typical embodiment, 
mRNA is isolated from a given biological sample, electrophoresed to separate the mRNA 
species, and transferred from the gel to a nitrocellulose membrane. Labeled Pellino 1 or 2 
15 probes are then hybridized to the membrane to identify and/or quantify the mRNA. 

Amplification-based assays 

In another embodiment, a Pellino 1 or 2 transcript (e.g., Pellino 1 or 2 
mRNA) is detected using amplification-based methods (e.g., RT-PCR). RT-PCR 
20 methods are well known to those of skill (see, e.g., Ausubel et al, supra). Preferably, 

quantitative RT-PCR is used, thereby allowing the comparison of the level of mRNA in a 
sample with a control sample or value. 

Detection of Pellino 1 or 2 Polypeptide Expression 

25 In addition to the detection of Pellino 1 or 2 genes and gene expression 

using nucleic acid hybridization technology, Pellino 1 or 2 levels can also be detected 
and/or quantified by detecting or quantifying the polypeptide. Pellino 1 or 2 polypeptide 
can be detected and quantified by any of a number of means well known to those of skill 
in the art. These include analytic biochemical methods such as electrophoresis, capillary 

30 electrophoresis, high performance liquid chromatography (HPLC), thin layer 

chromatography (TLC), hyperdiffusion chromatography, and the like, or various 
immunological methods such as fluid or gel precipitin reactions, immunodiffusion (single 
or double), immunoelectrophoresis, radioimmunoassay (RIA), enzyme-linked 
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immunosorbent assays (ELISAs), immunofluorescent assays, western blotting, and the 
like. 

In a preferred embodiment, a Pellino 1 or 2 polypeptide is detected using 
an immunoassay such as an ELISA assay {see, e.g., Crowther, John R. ELISA Theory and 
5 Practice. Humana Press: New Jersey, 1995). As used herein, an "immunoassay" is an 
assay that utilizes an antibody to specifically bind to Pellino 1 or 2. 

Antibodies to Pellino 1 and 2 

Methods of producing polyclonal and monoclonal antibodies that react 

10 specifically with Pellino 1 or 2 polypeptides are known to those of skill in the art (see, 
e.g., Coligan, Current Protocols in Immunology (1991); Harlow & Lane, supra; Goding, 
Monoclonal Antibodies: Principles and Practice (2d ed. 1986); and Kohler & Milstein, 
Nature 256:495-497 (1975). Such techniques include antibody preparation by selection 
of antibodies from libraries of recombinant antibodies in phage or similar vectors, as well 

15 as preparation of polyclonal and monoclonal antibodies by immunizing rabbits or mice 
(see, e.g., Huse et al, Science 246:1275-1281 (1989); Ward et al, Nature 341 :544-546 
(1989)). Such antibodies can be used for therapeutic and diagnostic applications, e.g., in 
the treatment and/or detection of colon cancer. 

A number of Pellino 1 or 2 peptides or a full length protein may be used to 

20 produce antibodies specifically reactive with Pellino 1 or 2 protein. For example, a 
recombinant Pellino 1 or 2 or an antigenic fragment thereof, is isolated as described 
herein. For example, recombinant Pellino 1 or 2 protein can be expressed in eukaryotic or 
prokaryotic cells and purified using standard methods. Recombinant protein is the 
preferred immunogen for the production of monoclonal or polyclonal antibodies. 

25 Alternatively, a synthetic peptide derived from any Pellino 1 or 2 amino acid sequence 
can be conjugated to a carrier protein and used as an immunogen. Naturally occurring 
protein may also be used either in pure or impure form. The product is then injected into 
an animal capable of producing antibodies. Either monoclonal or polyclonal antibodies 
may be generated, for subsequent use in immunoassays to measure the protein. 

30 Methods of production of polyclonal antibodies are known to those of skill 

in the art. An inbred strain of mice (e.g., BALB/C mice) or rabbits is immunized with the 
protein using a standard adjuvant, such as Freund's adjuvant, and a standard 
immunization protocol. The animal's immune response to the immunogen preparation is 
monitored by taking test bleeds and determining the titer of reactivity to the Pellino 1 or 2 



protein. When appropriately high titers of antibody to the immunogen are obtained, 
blood is collected from the animal and antisera are prepared. Further fractionation of the 
antisera to enrich for antibodies reactive to the protein can be done if desired (see, Harlow 
& Lane, supra). 

5 Monoclonal antibodies may be obtained by various techniques familiar to 

those skilled in the art. Briefly, spleen cells from an animal immunized with a desired 
antigen are immortalized, commonly by fusion with a myeloma cell (see, Kohler & 
Milstein, Eur. J. Immunol. 6:511-519 (1976)). Alternative methods of immortalization 
include transformation with Epstein Barr Virus, oncogenes, or retroviruses, or other 

10 methods well known in the art. Colonies arising from single immortalized cells are 
screened for production of antibodies of the desired specificity and affinity for the 
antigen, and yield of the monoclonal antibodies produced by such cells maybe enhanced 
by various techniques, including injection into the peritoneal cavity of a vertebrate host. 
Alternatively, one may isolate DNA sequences which encode a monoclonal antibody or a 

15 binding fragment thereof by screening a DNA library from human B cells according to 
the general protocol outlined by Huse et al, Science 246:1275-1281 (1989). 

Monoclonal antibodies and polyclonal sera are collected and titered 
against the immunogen protein in an immunoassay, for example, a solid phase 
immunoassay with the immunogen immobilized on a solid support. Typically, polyclonal 

20 antisera with a titer of 1 0 4 or greater are selected and tested for their cross reactivity 

against non- Pellino 1 or 2 proteins or even other related proteins from other organisms, 
using a competitive binding immunoassay. Specific polyclonal antisera and monoclonal 
antibodies will usually bind with a Kd of at least about 0. 1 mM, more usually at least 
about 1 uM, preferably at least about 0.1 uM or better, and most preferably, 0.01 uM or 

25 better. 

Once specific antibodies to Pellino 1 or 2 are available, Pellino 1 or 2 
proteins can be detected by a variety of immunoassay methods. For a review of 
immunological and immunoassay procedures, see Basic and Clinical Immunology (Stites 
& Terr eds., 7th ed. 1991). Moreover, the immunoassays of the present invention can be 
30 performed in any of several configurations, which are reviewed extensively in Enzyme 
Immunoassay (Maggio, ed., 1980); and Harlow & Lane, supra. 
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Immunological Binding Assays 

Pellino 1 or 2 polypeptides can be detected and/or quantified using any of 
a number of well recognized immunological binding assays {see, e.g., U.S. Patents 
4,366,241; 4,376,1 10; 4,517,288; and 4,837,168). For a review of the general 
immunoassays, see also Methods in Cell Biology: Antibodies in Cell Biology, volume 37 
(Asai, ed. 1993); Basic and Clinical Immunology (Stites & Terr, eds., 7th ed. 1991). 

Immunoassays typically use direct or indirect labeling agents to label the 
complex formed by the antibody and antigen. The labeling agent can itself be one of the 
moieties comprising the antibody/antigen complex, i.e., a direct labeling agent. Thus, the 
labeling agent may be a labeled Pellino 1 or 2 polypeptide or a labeled anti- Pellino 1 or 2 
antibody. Alternatively, the labeling agent can be a third moiety, such as a secondary 
antibody, that specifically binds to the antibody/ Pellino 1 or 2 complex (a secondary 
antibody is typically specific to antibodies of the species from which the first antibody is 
derived). Other proteins capable of specifically binding immunoglobulin constant 
regions, such as protein A or protein G may also be used as the label agent. These 
proteins exhibit a strong non-immunogenic reactivity with immunoglobulin constant 
regions from a variety of species {see, e.g., Kronval et al., J. Immunol. 1 1 1 :1401-1406 
(1973); Akerstrom et al., J. Immunol. 135:2589-2542 (1985)). The labeling agent can be 
modified with a detectable moiety, such as biotin, to which another molecule can 
specifically bind, such as streptavidin. A variety of detectable moieties are well known to 
those skilled in the art. 

Throughout the assays, incubation and/or washing steps may be required 
after each combination of reagents. Incubation steps can vary from about 5 seconds to 
several hours, optionally from about 5 minutes to about 24 hours. However, the 
incubation time will depend upon the assay format, antigen, volume of solution, 
concentrations, and the like. Usually, the assays will be carried out at ambient 
temperature, although they can be conducted over a range of temperatures, such as 10°C 
to 40°C. 

Non competitive assay formats: Immunoassays for detecting Pellino 1 or 
2 in samples can be either competitive or noncompetitive. Noncompetitive 
immunoassays are assays in which the amount of antigen is directly measured. In one 
preferred "sandwich" assay, for example, the anti- Pellino 1 or 2 antibodies can be bound 
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directly to a solid substrate on which they are immobilized. These immobilized 
antibodies then capture Pellino 1 or 2 proteins present in the test sample. The Pellino 1 or 
2 protein thus immobilized is then bound by a labeling agent, such as a second Pellino 1 
or 2 antibody bearing a label. Alternatively, the second antibody may lack a label, but it 
5 may, in turn, be bound by a labeled third antibody specific to antibodies of the species 
from which the second antibody is derived. The second or third antibody is typically 
modified with a detectable moiety, such as biotin, to which another molecule specifically 
binds, e.g., streptavidin, to provide a detectable moiety. 

10 Competitive assay formats: In competitive assays, the amount of Pellino 1 

or 2 protein present in a sample is measured indirectly, e.g., by measuring the amount of 
added (exogenous) Pellino 1 or 2 displaced (or competed away) from an anti- Pellino 1 or 
2 antibody by Pellino 1 or 2 protein present in a sample. For example, a known amount of 
labeled Pellino 1 or 2 polypeptide is added to a sample and the sample is then contacted 

15 with an anti- Pellino 1 or 2 antibody. The amount of labeled Pellino 1 or 2 polypeptide 
bound to the antibody is inversely proportional to the concentration of Pellino 1 or 2 
polypeptide present in the sample. In one embodiment, the antibody is immobilized on a 
solid substrate. The amount of Pellino 1 or 2 bound to the antibody may be determined 
either by measuring the amount of Pellino 1 or 2 present in a Pellino 1 or 2/antibody 

20 complex, or alternatively by measuring the amount of remaining uncomplexed protein. 
The amount of Pellino 1 or 2 may be detected by providing a labeled Pellino 1 or 2 
molecule. 

A hapten inhibition assay is another competitive assay. In this assay the 
known Pellino 1 or 2 is immobilized on a solid substrate. A known amount of anti- 

25 Pellino 1 or 2 antibody is added to the sample, and the sample is then contacted with the 
immobilized Pellino 1 or 2. The amount of anti- Pellino 1 or 2 antibody bound to the 
known immobilize Pellino 1 or 2 is inversely proportional to the amount of Pellino 1 or 2 
present in the sample. Again, the amount of immobilized antibody may be detected by 
detecting either the immobilized fraction of antibody or the fraction of the antibody that 

30 remains in solution. Detection may be direct where the antibody is labeled or indirect by 
the subsequent addition of a labeled moiety that specifically binds to the antibody as 
described above. 
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Other assay formats: Western blot (immunoblot) analysis can also be used 
to detect and quantify the presence of Pellino 1 or 2 in the sample. The technique 
generally comprises separating sample proteins by gel electrophoresis on the basis of 
molecular weight, transferring the separated proteins to a suitable solid support, (such as a 
5 nitrocellulose filter, a nylon filter, or derivatized nylon filter), and incubating the sample 
with the antibodies that specifically bind Pellino 1 or 2. The anti- Pellino 1 or 2 
antibodies specifically bind to the Pellino 1 or 2 on the solid support. These antibodies 
can be directly labeled or indirectly detected using labeled antibodies (e.g., labeled sheep 
anti-mouse antibodies) that specifically bind to the anti- Pellino 1 or 2 antibodies. 
1 0 Other assay formats include liposome immunoassays (LIA), which use 

liposomes designed to bind specific molecules (e.g., antibodies) and release encapsulated 
reagents or markers. Trie released chemicals are then detected according to standard 
p techniques (see Monroe et ah, Amer. Clin. Prod. Rev. 5:34-41 (1986)). 

4= 

15 Reduction of non-specific binding: One of skill in the art will appreciate 

that it is often desirable to minimize non-specific binding in immunoassays. Particularly, 
where the assay involves an antigen or antibody immobilized on a solid substrate it is 
ijf desirable to minimize the amount of non-specific binding to the substrate. Means of 

reducing such non-specific binding are well known to those of skill in the art. Typically, 
1" 20 this technique involves coating the substrate with a proteinaceous composition. In 
M particular, protein compositions such as bovine serum albumin (BSA), nonfat powdered 

milk, and gelatin are widely used with powdered milk being most preferred. 

Labels: The particular label or detectable group used in the assay is not a 
25 critical aspect of the invention, as long as it does not significantly interfere with the 
specific binding of the antibody used in the assay. The detectable group can be any 
material having a detectable physical or chemical property. Such detectable labels have 
been well-developed in the field of immunoassays and, in general, most any label useful 
in such methods can be applied to the present invention. Thus, a label is any composition 
30 detectable by spectroscopic, photochemical, biochemical, immunochemical, electrical, 
optical or chemical means. Useful labels in the present invention include magnetic beads 
(e.g., DYNABEADS™), fluorescent dyes (e.g., fluorescein isothiocyanate, Texas red, 
rhodamine, and the like), radiolabels (e.g., 3 H, 125 1, 35 S, 14 C, or 32 P), enzymes (e.g., horse 
radish peroxidase, alkaline phosphatase and others commonly used in an ELISA), and 
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colorimetric labels such as colloidal gold or colored glass or plastic beads (e.g., 
polystyrene, polypropylene, latex, etc.). 

The label can be coupled directly or indirectly to the desired component of 
the assay according to methods well known in the art. As indicated above, a wide variety 
5 of labels may be used, with the choice of label depending on sensitivity required, ease of 
conjugation with the compound, stability requirements, available instrumentation, and 
disposal provisions. For a review of various labeling or signal producing systems that 
maybe used, see U.S. Patent No. 4,391,904. 

Means of detecting labels are well known to those of skill in the art. Thus, 

10 for example, where the label is a radioactive label, means for detection include a 

scintillation counter or photographic film as in autoradiography. Where the label is a 
fluorescent label, it may be detected by exciting the fluorochrome with the appropriate 
wavelength of light and detecting the resulting fluorescence. The fluorescence may be 
detected visually, by means of photographic film, by the use of electronic detectors such 

15 as charge coupled devices (CCDs) or photomultipliers and the like. Similarly, enzymatic 
labels may be detected by providing the appropriate substrates for the enzyme and 
detecting the resulting reaction product. Finally simple colorimetric labels may be 
detected simply by observing the color associated with the label. Thus, in various 
dipstick assays, conjugated gold often appears pink, while various conjugated beads 

20 appear the color of the bead. 

Some assay formats do not require the use of labeled components. For 
instance, agglutination assays can be used to detect the presence of the target antibodies. 
In this case, antigen-coated particles are agglutinated by samples comprising the target 
antibodies, hi this format, none of the components need be labeled and the presence of 

25 the target antibody is detected by simple visual inspection. 



Detection of Pellino protein activity 

In another embodiment, Pellino 1 and 2 polypeptide levels are determined 
by assaying Pellino 1 and 2 protein activity in a biological sample. Such protein activity 
30 can be measured using standard techniques known in the art and can be directly or 

indirectly measured. Measures of Pellino activity typically includes assessment of the 
binding of Pellino 1 or 2 to a kinase (e.g., radioactive ligand binding) and downstream 
effects on signal transduction, e.g., second messenger levels(e.g., cAMP, cGMP, IP 3 , 
DAG, or Ca 2+ ), ion flux, phosphorylation levels, transcription levels, and the like. For a 
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general review of methods of assaying signal transduction, see, e.g., Methods in 
Enzymology, vols. 237 and 238 (1994) and volume 96 (1983); Bourne et al, Nature 
10:349:1 17-27 (1991); Bourne et al, Nature 348:125-32 (1990); Pitcher et al, Annu. Rev. 
Biochem. 67:653-92 (1998). 
5 Pellino 1 and 2 activity can be measured using a variety of assays known 

in the art. In one embodiment, substrates for kinases can be measured by the transfer of 
32 P from gamma-labeled ATP or GTP to the substrate, which can be assayed with a 
scintillation counter. In another embodiment, ligand binding of Pellino, or a Pellino 
binding domain or chimeric protein containing the binding domain, to its substrate can be 

10 tested in solution, in a bilayer membrane, attached to a solid phase, in a lipid monolayer, 
or in vesicles. Binding of a modulator can be tested using, e.g., changes in spectroscopic 
characteristics (e.g., fluorescence, absorbance, refractive index) hydrodynamic (e.g., 
shape), chromatographic, or solubility properties. 

Extracellular events initiate subsequent intracellular events, e.g., increases 

15 in second messengers such as FP3, which releases intracellular stores of calcium ions. 
Activation of some pathways stimulates the formation of inositol triphosphate (IP3) 
through phospholipase C-mediated hydrolysis of phosphatidylinositol (Berridge & Irvine, 
Nature 312:315-21 (1984)). IP3 in turn stimulates the release of intracellular calcium ion 
stores. Thus, a change in cytoplasmic calcium ion levels, or a change in second 

20 messenger levels such as IP3 can be used to assess the activity of the Pellino signal 
transduction cascade. In some cases it may be desirable although not necessary to 
conduct such assays in calcium-free buffer, optionally supplemented with a chelating 
agent such as EGTA, to distinguish fluorescence response resulting from calcium release 
from internal stores. 

25 In one embodiment, changes in intracellular cAMP or cGMP can be 

measured using immunoassays. The method described in Offermanns & Simon, J. Biol. 
Chem. 270:15175-15180 (1995) may be used to determine the level of cAMP. Also, the 
method described in Felley-Bosco et al,Am. J. Resp. Cell and Mol. Biol. 11:159-164 
(1994) may be used to determine the level of cGMP. Further, an assay kit for measuring 

30 cAMP and/or cGMP is described in U.S. Patent 4,1 15,538, herein incorporated by 
reference. 

In another embodiment, phosphatidyl inositol (PI) hydrolysis can be 
analyzed according to U.S. Patent 5,436,128, herein incorporated by reference. Briefly, 
the assay involves labeling of cells with 3 H-myoinositol for 48 or more hrs. The labeled 
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cells are treated with a test compound for one hour. The treated cells are lysed and 
extracted in chloroform-methanol-water after which the inositol phosphates are separated 
by ion exchange chromatography and quantified by scintillation counting. Fold 
stimulation is determined by calculating the ratio of cpm in the presence of agonist to 
5 cpm in the presence of buffer control. Likewise, fold inhibition is determined by 

calculating the ratio of cpm in the presence of antagonist to cpm in the presence of buffer 
control (which may or may not contain an agonist). 

In another embodiment, transcription levels can be measured to assess the 
effects of a test compound on signal transduction. A host cell containing the protein of 

1 0 interest is contacted with a test compound for a sufficient time to effect any interactions, 
and then the level of gene expression is measured. The amount of time to effect such 
interactions may be empirically determined, such as by running a time course and 
measuring the level of transcription as a function of time. The amount of transcription 
may be measured by using any method known to those of skill in the art to be suitable. 

1 5 For example, mRNA expression of the protein of interest may be detected using northern 
blots or their polypeptide products may be identified using immunoassays. Alternatively, 
transcription based assays using reporter gene may be used as described in U.S. Patent 
5,436,128, herein incorporated by reference. The reporter genes can be, e.g., 
chloramphenicol acetyltransferase, firefly luciferase, bacterial luciferase, P-galactosidase 

20 and alkaline phosphatase. Furthermore, the protein of interest can be used as an indirect 
reporter via attachment to a second reporter such as green fluorescent protein {see, e.g., 
Mistili & Spector, Nature Biotechnology 15:961-964 (1997)). 

The amount of transcription is then compared to the amount of 
transcription in either the same cell in the absence of the test compound, or it may be 

25 compared with the amount of transcription in a substantially identical cell that lacks the 
protein of interest. A substantially identical cell may be derived from the same cells from 
which the recombinant cell was prepared but which had not been modified by 
introduction of heterologous DNA. Any difference in the amount of transcription 
indicates that the test compound has in some manner altered the activity of the protein of 

30 interest. 
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Diagnosing Cancer 

The present methods can be used to diagnose and treat any of a number of 
types of cancers. In preferred embodiments, cancers such as epithelial-derived cancers 
will be diagnosed and/or treated, e.g., lung, colon, and ovarian cancer. Other epithelial 
5 cancers include, e.g., breast, kidney, stomach, bladder, and colorectal cancers. A cancer 
at any stage of progression can be detected, such as primary, metastatic, and recurrent 
cancers. Information regarding numerous types of cancer can be found, e.g., from the 
American Cancer Society (www3.cancer.org), or from, e.g., Wilson et al. (1991) 
Harrison's Principles of Internal Medicine, 12 th Edition, McGraw-Hill, Inc. 

1 0 The present invention provides numerous methods for determining 

whether or not a mammal has cancer, whether or not a biological sample contains 
cancerous cells, estimating the likelihood of a mammal developing cancer, and 
monitoring the efficacy of anti-cancer treatment in a mammal with cancer. Such methods 
are based on the discovery that cancer cells have an elevated level of Pellino 1 or 2 

15 polynucleotide (i.e., gene copy number and/or mRNA) and/or polypeptide. Accordingly, 
by determining whether or not a cell contains elevated levels of Pellino 1 or 2 
polynucleotide or polypeptide, it is possible to determine whether or not the cell is 
cancerous. Further, the presence of cancerous cells can be determined indirectly, i.e., in 
certain embodiments a biological sample that does not itself contain cancerous cells, but 

20 which has been taken from an animal with cancerous cells elsewhere in its body, may 
contain elevated levels of Pellino 1 or 2 reflecting the presence of the cancerous cells. 

In numerous embodiments of the present invention, the level and/or 
presence of Pellino 1 or 2 polynucleotide or polypeptide will be detected in a biological 
sample, thereby detecting the presence or absence of cancerous cells in the biological 

25 sample, or, in certain embodiments, in the mammal from which the biological sample was 
removed. In preferred embodiments, the biological sample will comprise a tissue sample 
from a tissue suspected of containing cancerous cells. For example, in an individual 
suspected of having colon cancer, colorectal tissue is removed. Often, such methods will 
be used in conjunction with additional diagnostic methods, e.g., detection of other cancer 

30 markers, coloscopy, etc. In other embodiments, a tissue sample known to contain 

cancerous cells, e.g., from a tumor, will be analyzed for Pellino 1 or 2 levels to determine 
information about the cancer, e.g., the efficacy of certain treatments, the survival 
expectancy of the animal, etc. 



35 



The amount of Pellino 1 or 2 polynucleotide or polypeptide that will 
indicate the presence of a cancer will depend on numerous factors, including the type of 
cancer, the age, sex, medical history, etc., of the patient, the cell type, the assay format, 
etc. In some embodiments, a level of Pellino 1 or 2 in a biological sample will not be 
5 quantified or directly compared with a control sample, but will rather be detected relative 
to a "diagnostic presence" of Pellino 1 or 2, wherein a "diagnostic presence" refers to an 
amount of Pellino 1 or 2 polynucleotide or polypeptide that indicates the presence of 
cancer, or indicates a likelihood of cancer, in the mammal from which the sample was 
taken. Preferably, a "diagnostic presence" will be detectable in a simple assay giving a 
10 positive or negative result, where a positive "detection" of a "diagnostic presence" of 
Pellino 1 or 2 polynucleotide or polypeptide indicates the presence of cancer in the 
mammal. 

The Pellino 1 or 2 level need not be quantified for a "diagnostic presence" 
to be detected, merely any method of determining whether Pellino 1 or 2 is present at 

15 levels higher than in a normal, cancer- free cell, sample, or mammal. In addition, a 

"diagnostic presence" does not refer to any absolute quantity of Pellino 1 or 2, but rather 
on an amount that, depending on the biological sample, cell type, assay conditions, 
medical condition of the mammal, etc., is sufficient to distinguish the level in a 
cancerous, or pre-cancerous sample, from a normal, cancer- free sample. 

20 Such methods can be practiced regardless of whether any Pellino 1 or 2 

polynucleotide or polypeptide is normally present, or "expected" to be present, in a 
particular control sample. For example, Pellino 1 or 2 may not be expressed in certain 
cell types, resulting in a complete absence of Pellino 1 or 2 in a control biological sample 
consisting of such cell types. For such biological sample, a "diagnostic presence" refers 

25 to any detectable amount of Pellino 1 or 2, using any assay. In other tissues, however, 

there may be a detectable level of Pellino 1 or 2 present in normal, cancer-free cells, and a 
"diagnostic presence" represents a level that is higher than the normal level, preferably 
representing a "statistically significant" increase over the normal level. Often, a 
"diagnostic presence" of Pellino 1 or 2 polynucleotide, polypeptide, and/or protein 

30 activity in a biological sample will be at least about 1 .5, 2, 5, 1 0, or more fold greater than 
a level expected in a sample taken from a normal, cancer-free mammal. 

Further, the present methods can be used to assess the efficacy of a course 
of treatment. For example, in a mammal with cancer from which a biological sample has 
been found to contain an elevated amount of Pellino 1 or 2 polynucleotide or polypeptide, 
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the efficacy of an anti-cancer treatment can be assessed by monitoring, over time, Pellino 
1 or 2 levels. For example, a reduction in Pellino 1 or 2 polynucleotide or polypeptide 
levels in a biological sample taken from a mammal following a treatment, compared to a 
level in a sample taken from the mammal before, or earlier in, the treatment, indicates 
5 efficacious treatment. 

Determining a prognosis 

The level of Pellino 1 or 2 can be used to determine the prognosis of a 
mammal with cancer. For example, if cancer is detected using a technique other than by 

10 detecting Pellino 1 or 2, e.g. , tissue biopsy, then the presence or absence of Pellino 1 or 2 
can be used to determine the prognosis for the mammal, i.e., an elevated level of Pellino 1 
or 2 will indicate a reduced survival expectancy in the mammal compared to in a mammal 
with cancer but with a normal level of Pellino 1 or 2. As used herein, "survival 
expectancy" refers to a prediction regarding the severity, duration, or progress of a 

15 disease, condition, or any symptom thereof. In a preferred embodiment, an increased 
level, a diagnostic presence, or a quantified level, of Pellino 1 or 2 is statistically 
correlated with the observed progress of a disease, condition, or symptom in a large 
number of mammals, thereby providing a database wherefrom a statistically-based 
prognosis can be made in view of any detected level or presence of Pellino 1 or 2. For 

20 example, in a particular type of mammal, i.e., a human of a particular age, gender, 

medical condition, medical history, etc., a detection of a level of Pellino 1 or 2 that is, 
e.g., 2 fold higher than a control level may indicate, e.g., a 10% reduced survival 
expectancy in the human compared to in a similar human with a normal level of Pellino 1 
or 2, based on a previous study of the level of Pellino 1 or 2 in a large number of similar 

25 patients whose disease progression was observed and recorded. 

The methods of the present invention can be used to determine the optimal 
course of treatment in a mammal with cancer. For example, the presence of an elevated 
level of Pellino 1 or 2 can indicate a reduced survival expectancy of a mammal with 
cancer, thereby indicating a more aggressive treatment for the mammal. In addition, a 

30 correlation can be readily established between levels of Pellino 1 or 2, or the presence or 
absence of a diagnostic presence of Pellino 1 or 2, and the relative efficacy of one or 
another anti-cancer agent. Such analyses can be performed, e.g., retrospectively, i.e., by 
detecting Pellino 1 or 2 levels in samples taken previously from mammals that have 
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subsequently undergone one or more types of anti-cancer therapy, and correlating the 
Pellino 1 or 2 levels with the known efficacy of the treatment. 

Treating cancer 

The present invention provides numerous methods for treating a mammal 
with cancer. In addition to allowing the determination of an optimal treatment for a 
mammal with cancer, as described supra, methods are provided for treating a cancer by 
inhibiting the growth, proliferation, or steroid hormone production of cells within the 
mammal, e.g., cancer cells. Typically, the methods are directed at reducing the level of 
Pellino 1 or 2 polypeptides, polynucleotides, or protein activity in a cancerous cell. It will 
be appreciated that more than one of the methods described infra can be performed on a 
given animal, and may also be administered in conjunction with one or more traditional, 
well known anti-cancer therapies, e.g., chemotherapy, radiation therapy, surgery, 
hormone therapy, immunotherapy, etc. 

According to the present invention, a "method of treating cancer" refers to 
a procedure or course of action that is designed to reduce or eliminate the number of 
cancer cells in an animal, or to alleviate the symptoms of a cancer. "A method of treating 
cancer" does not necessarily mean that the cancer cells will, in fact, be eliminated, that 
the number of cells will, in fact, be reduced, or that the symptoms of a cancer will, in fact, 
be alleviated. Often, a method of treating cancer will be performed even with a low 
likelihood of success, but which, given the medical history and estimated survival 
expectancy of an animal, is nevertheless deemed an overall beneficial course of action. 

In certain embodiments, the present invention provides methods for 
treating cancer by detecting the level and/or a diagnostic presence of Pellino 1 or 2 
polynucleotide or polypeptide in a biological sample, and, when a diagnostic presence or 
increased level is detected, applying one or more anti-cancer therapies, including, but not 
limited to, chemotherapy, radiation therapy, surgery, immunotherapy, hormone therapy, 
and gene therapy. 

One commonly applied anti-cancer therapy is chemotherapy, i.e., the 
administration of chemical compounds to a mammal with cancer that is aimed at killing 
or reducing the number of cancer cells within the mammal. Generally, chemotherapeutic 
agents arrest the growth of or kill cells that are dividing or growing, such as cancer cells. 
Examples of chemotherapeutic agents include, but are not limited to, genistein, taxol, 
busulfan, cisplatin, cyclophosphamide (cytoxan), dacarbazine, ifosfamide, 
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mechlorethamine (mustargen), melphalan, carmustine, lomustine, 5-fluorouracil, 
methotrexate, gemcitabine, cytarabine (Ara-C), fludarabine, bleomycin, dactinomycin, 
daunorabicin, doxorubicin (Adriamycin), idarubicin, paclitaxel, docetaxel, etoposide, 
vinblastine, vincristine, vinorelbine, L-asparaginase, amsacrine, tretinoin, prednisone and 
5 dexamethasone. 

Another commonly applied anti-cancer therapy is radiation therapy, 
wherein radioactivity is administered to a mammal with cancer. Radiation kills or 
inhibits the growth of dividing cells, such as cancer cells. The administration of radiation 
may be from an external source (e.g., a gamma source, a proton source, a molecular beam 

10 source, etc.), or may be through an implantable radioactive material, or a radioactive 
molecule such as an antibody. 

In numerous embodiments, a tissue found to be cancerous using the 
present methods will be removed using surgery, i.e., the direct removal or ablation of 
cells, e.g., cancer cells, from a mammal. Most often, the cancer cells will be in the form 

15 of a tumor (e.g., a mammary tumor), which is removed from the mammal. The surgical 
methods may involve removal of healthy as well as cancerous tissue. 

Hormone therapy can also be used to treat cancers, e.g., breast cancer. For 
example, compounds can be administered to a patient that counteract or inhibit hormones, 
such as estrogen or androgen, that have a mitogenic effect on cells and which often act to 

20 increase the cancerous properties of cancer cells in vivo. Hormone therapy can also 

include methods of reducing or eliminating the production of hormones in an animal, e.g., 
the surgical removal of ovaries in an animal to prevent estrogen production. 

In certain embodiments, immunotherapy will be used to treat a cancer 
following a diagnosis based on detection of Pellino 1 or 2, i.e., methods of enhancing the 

25 ability of an animal's immune system to destroy cancer cells within the animal. 

Numerous such methods are well known to those of skill in the art. This can involve the 
treatment with polyclonal or monoclonal antibodies (e.g., Herceptin for treating breast 
cancer) that bind to particular molecules located on, produced by, or indicative of, tumor 
cells. Immuno therapeutic methods are well know to those of skill in the art (see, e.g., 

30 Pastan et a/.(1992) Ann. Rev. Biochem., 61: 331-354, Brinkman and Pastan (1994) 
Biochimica Biphysica Acta, 1198: 27-45, etc.). 

In other embodiments, gene therapy will be used to treat a cancer 
diagnosed based on a detection of Pellino 1 or 2. In such embodiments, a nucleic acid is 
introduced into cells, e.g., cancer cells, to provide treatment for the cancer. Pellino 1 or 2 
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expression can be targeted or other cancer-associated genes can be targeted. For 
example, tumor suppressor genes that are often missing or mutated in a cancer cell, e.g., 
p53, RB, p21, pl6, and others, can be replaced or overexpressed by introducing a nucleic 
acid encoding a functional gene into the cells. In addition, genes whose overexpression 
or increased activity contributes to cancer, e.g., ras, telomerase, etc., can be inhibited by 
any of a number of methods, including, but not limited to, antisense, ribozymes, and 
polynucleotides encoding dominant negative forms or other inhibiting polypeptides. 
Such nucleic acids can be delivered using any of a variety of methods, e.g., liposomal 
formulations, viral vectors, naked DNA injection, etc., and can be performed in vivo or ex 
vivo. 

In preferred embodiments, this invention provides methods of treating a 
cancer by reducing Pellino 1 or 2 levels in a cell. Typically, such methods are used to 
reduce an elevated level of Pellino 1 or 2, e.g., an elevated level in a cancerous cell, and 
can be performed in any of a number of ways, e.g., lowering the copy number of the 
Pellino 1 or 2 gene or decreasing the level of Pellino 1 or 2 mRNA, protein, or protein 
activity in a cell. Preferably, the level of Pellino 1 or 2 activity is lowered to a level 
typical of a normal, cancer-free cell, but the level may be reduced to any level that is 
sufficient to decrease the proliferation or steroid production of the cell, including to levels 
above or below those typical of normal cells. Preferably, such methods involve the use of 
inhibitors of Pellino 1 or 2, where an "inhibitor of Pellino 1 or 2" is a molecule that acts 
to reduce Pellino 1 or 2 polynucleotide levels, Pellino 1 or 2 polypeptide levels and/or 
Pellino 1 or 2 protein activity. Such inhibitor s include, but are not limited to, antisense 
polynucleotides, ribozymes, antibodies, dominant negative Pellino 1 or 2 forms, and 
small molecule inhibitors of Pellino 1 or 2. 

In preferred embodiments, Pellino 1 or 2 levels will be reduced so as to 
reduce the growth or proliferation of a cancer cell with elevated Pellino 1 or 2 levels. The 
proliferation of a cell refers to the rate at which the cell or population of cells divides, or 
to the extent to which the cell or population of cells divides or increases in number. 
Proliferation can reflect any of a number of factors, including the rate of cell growth and 
division and the rate of cell death. 

The ability of any of the present compounds to affect Pellino 1 or 2 
activity can be determined based on any of a number of factors, including, but not limited 
to, a level of Pellino 1 or 2 polynucleotide, e.g., mRNA or genomic DNA, the level of 
Pellino 1 or 2 polypeptide, the degree of binding of a compound to a Pellino 1 or 2 
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polynucleotide or polypeptide, Pellino 1 or 2 intracellular localization, or any functional 
properties of Pellino 1 or 2 protein. 

Inhibitors of Pellino 1 or 2 polynucleotides 
5 Antisense Polynucleotides 

In certain embodiments, Pellino 1 or 2 activity is downregulated, or 
entirely inhibited, by the use of antisense polynucleotide, i.e., a nucleic acid 
complementary to, and which can preferably hybridize specifically to, a coding mRNA 
nucleic acid sequence, e.g., Pellino 1 or 2 mRNA, or a subsequence thereof. Binding of 
1 0 the antisense polynucleotide to the Pellino 1 or 2 mRNA reduces the translation and/or 
stability of the Pellino 1 or 2 mRNA. 

In the context of this invention, antisense polynucleotides can comprise 
naturally-occurring nucleotides, or synthetic species formed from naturally-occurring 
subunits or their close homologs. Antisense polynucleotides may also have altered sugar 
1 5 moieties or inter-sugar linkages. Exemplary among these are the phosphorothioate and 
other sulfur containing species which are known for use in the art. All such analogs are 
comprehended by this invention so long as they function effectively to hybridize with 
Pellino 1 or 2 mRNA. 

Such antisense polynucleotides can readily be synthesized using 
20 recombinant means, or can be synthesized in vitro. Equipment for such synthesis is sold 
by several vendors, including Applied Biosystems. The preparation of other 
oligonucleotides such as phosphorothioates and alkylated derivatives is also well known 
to those of skill in the art. 

25 Ribozymes 

In addition to antisense polynucleotides, ribozymes can be used to target 
and inhibit transcription of Pellino 1 or 2. A ribozyme is an RNA molecule that 
catalytically cleaves other RNA molecules. Different kinds of ribozymes have been 
described, including group I ribozymes, hammerhead ribozymes, hairpin ribozymes, 

30 RNase P, and axhead ribozymes (see, e.g., Castanotto et al. (1994) Adv. in Pharmacology 
25: 289-317 for a general review of the properties of different ribozymes). 

The general features of hairpin ribozymes are described, e.g., in Hampel et 
al. (1990) Nucl. Acids Res. 18: 299-304; Hampel et al. (1990) European Patent 
Publication No. 0 360 257; U.S. Patent No. 5,254,678. Methods of preparing are well 
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known to those of skill in the art (see, e.g., Wong-Staal et al, WO 94/26877; Ojwang et 
al. (1993) Proc. Natl. Acad. Sci. USA 90: 6340-6344; Yamada et al. (1994) Human Gene 
Therapy 1: 39-45; Leavitt et al. (1995) Proc. Natl. Acad. Sci. USA 92: 699-703; Leavitt et 
al. (1994) Human Gene Therapy 5: 1151-120; and Yamada et al. (1994) Virology 205: 
121-126). 

Inhibitors of Pellino 1 or 2 Polypeptide Activity 

Pellino 1 or 2 activity can also be decreased by the addition of an inhibitor 
of the Pellino 1 or 2 polypeptide. This can be accomplished in any of a number of ways, 
including by providing a dominant negative Pellino 1 or 2 polypeptide, e.g., a form of 
Pellino 1 or 2 that itself has no activity and which, when present in the same cell as a 
functional Pellino 1 or 2, reduces or eliminates the Pellino 1 or 2 activity of the functional 
Pellino 1 or 2. Design of dominant negative forms is well known to those of skill and is 
described, e.g., in Herskowitz (1987) Nature 329(6136):219-22. Also, inactive 
polypeptide variants (muteins) can be used, e.g., by screening for the ability to inhibit 
Pellino 1 or 2 activity. Methods of making muteins are well known to those of skill (see, 
e.g, U.S. Patent Nos. 5,486,463, 5,422,260, 5,116,943, 4,752,585, 4,518,504). In 
addition, any small molecule, e.g., any peptide, amino acid, nucleotide, lipid, 
carbohydrate, or any other organic or inorganic molecule can be screened for the ability 
to bind to or inhibit Pellino 1 or 2 activity, as described below. 

Screening for Pellino 1 or 2 Inhibitors 

Pellino 1 or 2 and its variants are proteins that participate in cellular 
processes such as proliferation and chromosomal segregation. The activity of Pellino 1 or 
2 polypeptides can be assessed using a variety of in vitro and in vivo assays to determine 
functional, chemical, and physical effects, e.g., cellular proliferation, and the like. 
Furthermore, such assays can be used to test for inhibitors and activators of Pellino 1 or 2. 
Modulators can also be genetically altered versions of an Pellino 1 or 2. Screening assays 
of the invention are used to identify modulators that can be used as therapeutic agents, 
e.g., antibodies to Pellino 1 or 2 and inhibitors of Pellino 1 or 2 activity. 

In one embodiment, this invention provides methods of screening for 
agents that modulate and preferably downregulate Pellino 1 or 2 protein activity. 
Preferred "screening" methods of this invention involve (i) contacting a Pellino 1 or 2 - 
expressing cell (e.g., a cell capable of expressing Pellino 1 or 2) with a test agent; and (ii) 
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detecting the level of Pellino 1 or 2 activity (e.g., as described above), where a decreased 
level of Pellino 1 or 2 activity as compared to the level of Pellino 1 or 2 activity in a cell 
not contacted with the test agent indicates that the test agent inhibits or downregulates 
Pellino 1 or 2. 

The Pellino 1 or 2 of the assay is typically a polypeptide having a sequence 
of SEQ ID NO: 2 or 4 or a conservatively modified variant thereof or a Pellino 
polypeptide as defined in the definition section herein. Optionally, the polypeptide of the 
assays will comprise a domain of an Pellino 1 or 2. Either a Pellino 1 or 2 or a domain 
thereof can be covalently linked to a heterologous protein to create a chimeric protein 
used in the assays described herein. 

Modulators of Pellino 1 or 2 activity are tested using Pellino 1 or 2 
polypeptides as described above, either recombinant or naturally occurring. The protein 
can be isolated, expressed in a cell, expressed in a membrane derived from a cell, 
expressed in tissue or in an animal, either recombinant or naturally occurring. For 
example, colon cancer cells, or proliferating cells can be used.. Inhibition is tested using 
one of the in vitro or in vivo assays described herein. Gene amplification can also be 
examined. Furthermore, ligand-binding domains of the protein, e.g., an ATP binding 
domain, of interest can be used in vitro in soluble or solid state reactions to assay for 
ligand binding. 

Activity of Pellino 1 or 2 or a domain thereof, can be tested in solution, in 
a bilayer membrane, attached to a solid phase, in a lipid monolayer, or in vesicles. 
Binding of a modulator can be tested using, e.g., changes in spectroscopic characteristics 
(e.g., fluorescence, absorbance, refractive index) hydrodynamic (e.g., shape), 
chromatographic, or solubility properties. 

Samples or assays that are treated with a potential Pellino 1 or 2 inhibitor 
are compared to control samples without the test compound, to examine the extent of 
modulation. Control samples that are not treated with the test inhibitor are assigned a 
relative Pellino 1 or 2 activity value of 100. Inhibition of Pellino 1 or 2 is achieved when 
the Pellino 1 or 2 activity value relative to the control is about 90%, optionally 50%, 
optionally 25-0%.. 

Modulators of Pellino 1 and 2 

The compounds tested as modulators of Pellino 1 or 2 include, but are not 
limited to, natural or synthetic nucleic acids, natural or synthetic polypeptides, natural or 
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synthetic lipids, natural or synthetic small organic molecules, and the like. Alternatively, 
modulators can be genetically altered versions of an Pellino 1 or 2. Typically, test 
compounds will be small chemical molecules and peptides. Essentially any chemical 
compound can be used as a potential modulator or ligand in the assays of the invention, 
although most often compounds can be dissolved in aqueous or organic (especially 
DMSO-based) solutions. The assays are designed to screen large chemical libraries by 
automating the assay steps and providing compounds from any convenient source to 
assays, which are typically run in parallel (e.g., in microtiter formats on microtiter plates 
in robotic assays). It will be appreciated that there are many suppliers of chemical 
compounds, including Sigma (St. Louis, MO), Aldrich (St. Louis, MO), Sigma- Aldrich 
(St. Louis, MO), Fluka Chemika-Biochemica Analytika (Buchs Switzerland) and the like. 

In one preferred format, test agents are provided as members of a 
combinatorial library. In preferred embodiments, a collection of small molecule 
inhibitors are tested for Pellino 1 or 2 inhibiting ability. A "small molecule inhibitor" of 
Pellino 1 or 2 is any molecule, e.g., a carbohydrate, nucleotide, amino acid, 
oligonucleotide, oligopeptide, lipid, inorganic compound, etc. that inhibits Pellino 1 or 2 
protein activity. Such molecules can inhibit Pellino 1 or 2 protein activity by any of a 
number of mechanisms, e.g., by binding to a Pellino 1 or 2 protein and competitively 
inhibiting the ATPase function or the ability to bind ATP. Preferably, such "small 
molecule inhibitors" are smaller than about 10 kD. More preferably, such inhibitors are 
smaller than about 5, 2, or 1 kD or less. 

As discussed above, test agents can be screened based on any of a number 
of factors, including, but not limited to, a level of Pellino 1 or 2 polynucleotide, e.g., 
mRNA or genomic DNA, the level of Pellino polypeptide, the degree of binding of a 
compound to a Pellino 1 or 2 polynucleotide or polypeptide, Pellino 1 or 2 intracellular 
localization, or any functional properties of Pellino 1 or 2 protein. Such direct and 
indirect measures of Pellino 1 or 2 activity in vivo can readily be used to detect and screen 
for molecules that modulate Pellino 1 or 2 activity. 

Combinatorial Libraries 

In certain embodiments, combinatorial libraries of potential Pellino 1 or 2 
modulators will be screened for ah ability to bind to a Pellino 1 or 2 polypeptide or to 
modulate Pellino 1 or 2 activity. Conventionally, new chemical entities with useful 
properties are generated by identifying a chemical compound (called a "lead compound") 
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with some desirable property or activity, e.g., Pellino 1 or 2 inhibiting activity, creating 
variants of the lead compound, and evaluating the property and activity of those variant 
compounds. However, the current trend is to shorten the time scale for all aspects of drug 
discovery. Because of the ability to test large numbers quickly and efficiently, high 
5 throughput screening (HTS) methods are replacing conventional lead compound 
identification methods. 

In one preferred embodiment, high throughput screening methods involve 
providing a library containing a large number of potential therapeutic compounds 
(candidate compounds). Such "combinatorial chemical libraries" are then screened in one 

10 or more assays to identify those library members (particular chemical species or 

subclasses) that display a desired characteristic activity. The compounds thus identified 
can serve as conventional "lead compounds" or can themselves be used as potential or 
actual therapeutics. 

A combinatorial chemical library is a collection of diverse chemical 

1 5 compounds generated by either chemical synthesis or biological synthesis by combining a 
number of chemical "building blocks" such as reagents. For example, a linear 
combinatorial chemical library, such as a polypeptide (e.g., mutein) library, is formed by 
combining a set of chemical building blocks called amino acids in every possible way for 
a given compound length (i.e., the number of amino acids in a polypeptide compound). 

20 Millions of chemical compounds can be synthesized through such combinatorial mixing 
of chemical building blocks (Gallop et al. (1994) J. Med. Chem. 37(9): 1233-1251). 

Preparation and screening of combinatorial chemical libraries is well 
known to those of skill in the art. Such combinatorial chemical libraries include, but are 
not limited to, peptide libraries (see, e.g., U.S. Patent No. 5,010,175, Furka (1991) Int. J. 

25 Pept. Prot. Res., 37: 487-493, Houghton et al. (1991) Nature, 354: 84-88), peptoids (PCT 
Publication No WO 91/19735, 26 Dec. 1991), encoded peptides (PCT Publication WO 
93/20242, 14 Oct. 1993), random bio-oligomers (PCT Publication WO 92/00091, 9 Jan. 
1992), benzodiazepines (U.S. Pat. No. 5,288,514), diversomers such as hydantoins, 
benzodiazepines and dipeptides (Hobbs et al, (1993) Proc. Nat. Acad. Sci. USA 90: 

30 6909-6913), vinylogous polypeptides (Hagihara et al. (1992) J. Amer. Chem. Soc. 1 14: 
6568), nonpeptidal peptidomimetics with a Beta-D-Glucose scaffolding (Hirschmann et 
al, (1992) J. Amer. Chem. Soc. 114: 9217-9218), analogous organic syntheses of small 
compound libraries (Chen et al. (1994) J. Amer. Chem. Soc. 116: 2661), oligocarbamates 
(Cho, et al., (1993) Science 261:1303), and/or peptidyl phosphonates (Campbell et al, 
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(1994) J. Org. Chem. 59: 658). See, generally, Gordon et al, (1994) J. Med. Chem. 
37:1385, nucleic acid libraries {see, e.g., Strategene, Corp.), peptide nucleic acid libraries 
{see, e.g., U.S. Patent 5,539,083), antibody libraries {see, e.g., Vaughn et al. (1996) 
Nature Biotechnology, 14(3): 309-314), and PCT/US96/10287), carbohydrate libraries 
5 {see, e.g., Liang et al, (1996) Science, 274: 1520-1522, and U.S. Patent No. 5,593,853), 
and small organic molecule libraries {see, e.g., benzodiazepines, Baum (1993) C&EN, 
Jan 18, page 33; isoprenoids, U.S. Patent No. 5,569,588; thiazolidinones and 
metathiazanones, U.S. Patent No. 5,549,974; pyrrolidines, U.S. Patent Nos. 5,525,735 and 
5,519,134; morpholino compounds, U.S. Patent No. 5,506,337; benzodiazepines, U.S. 

1 0 Patent No. 5,288,5 14; and the like). 

Devices for the preparation of combinatorial libraries are commercially 
available {see, e.g., 357 MPS, 390 MPS, Advanced Chem Tech, Louisville KY, 
Symphony, Rainin, Woburn, MA, 433A Applied Biosystems, Foster City, CA, 9050 Plus, 
Millipore, Bedford, MA). 

15 A number of well known robotic systems have also been developed for 

solution phase chemistries. These systems include automated workstations like the 
automated synthesis apparatus developed by Takeda Chemical Industries, LTD. (Osaka, 
Japan) and many robotic systems utilizing robotic arms (Zymate II, Zymark Corporation, 
Hopkinton, Mass.; Orca, Hewlett-Packard, Palo Alto, Calif), which mimic the manual 

20 synthetic operations performed by a chemist. Any of the above devices are suitable for 
use with the present invention. The nature and implementation of modifications to these 
devices (if any) so that they can operate as discussed herein will be apparent to persons 
skilled in the relevant art. In addition, numerous combinatorial libraries are themselves 
commercially available {see, e.g., ComGenex, Princeton, N. J., Asinex, Moscow, Ru, 

25 Tripos, Inc., St. Louis, MO, ChemStar, Ltd, Moscow, RU, 3D Pharmaceuticals, Exton, 
PA, Martek Biosciences, Columbia, MD, etc.). 

High Throughput Screening 

Any of the assays to identify compounds capable of modulating Pelliono 
30 levels described herein are amenable to high throughput screening. Preferred assays thus 
detect enhancement or inhibition of Pellino 1 or 2 gene transcription, inhibition or 
enhancement of Pellino 1 or 2 polypeptide expression, and inhibition or enhancement of 
Pellino 1 or 2 polypeptide activity. 
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High throughput assays for the presence, absence, quantification, or other 
properties of particular nucleic acids or protein products are well known to those of skill 
in the art. Similarly, binding assays and reporter gene assays are similarly well known. 
Thus, for example, U.S. Patent No. 5,559,410 discloses high throughput screening 
5 methods for proteins, U.S. Patent No. 5,585,639 discloses high throughput screening 
methods for nucleic acid binding {i.e., in arrays), while U.S. Patent Nos. 5,576,220 and 
5,541,061 disclose high throughput methods of screening for ligand/antibody binding. 

hi addition, high throughput screening systems are commercially available 
(see, e.g., Zymark Corp., Hopkinton, MA; Air Technical Industries, Mentor, OH; 

10 Beckman Instruments, Inc. Fullerton, CA; Precision Systems, Inc., Natick, MA, etc.). 
These systems typically automate entire procedures, including all sample and reagent 
pipetting, liquid dispensing, timed incubations, and final readings of the microplate in 
detector(s) appropriate for the assay. These configurable systems provide high 
throughput and rapid start up as well as a high degree of flexibility and customization. 

1 5 The manufacturers of such systems provide detailed protocols for various high throughput 
systems. Thus, for example, Zymark Corp. provides technical bulletins describing 
screening systems for detecting the modulation of gene transcription, ligand binding, and 
the like. 

20 Computer-assisted identification of inhibitors of Pellino 1 or 2 

Another assay for compounds that modulate or inhibit Pellino 1 or 2 
activity involves computer assisted drug design, in which a computer system is used to 
generate a three-dimensional structure of Pellino 1 or 2 based on the structural 
information encoded by the amino acid sequence. The input amino acid sequence 

25 interacts directly and actively with a preestablished algorithm in a computer program to 
yield secondary, tertiary, and quaternary structural models of the protein. The models of 
the protein structure are then examined to identify regions of the structure that have the 
ability to bind, e.g., ligands. These regions are then used to identify ligands that bind to 
the protein. 

30 The three-dimensional structural model of the protein is generated by 

entering protein amino acid sequences of at least 10 amino acid residues or corresponding 
nucleic acid sequences encoding a Pellino 1 or 2 polypeptide into the computer system. 
The amino acid sequence represents the primary sequence or subsequence of the protein, 
which encodes the structural information of the protein. At least 10 residues of the amino 
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acid sequence (or a nucleotide sequence encoding 10 amino acids) are entered into the 
computer system from computer keyboards, computer readable substrates that include, 
but are not limited to, electronic storage media (e.g., magnetic diskettes, tapes, cartridges, 
and chips), optical media (e.g., CD ROM), information distributed by internet sites, and 
5 by RAM. The three-dimensional structural model of the protein is then generated by the 
interaction of the amino acid sequence and the computer system, using software known to 
those of skill in the art. 

The amino acid sequence represents a primary structure that encodes the 
information necessary to form the secondary, tertiary and quaternary structure of the 

10 protein of interest. The software looks at certain parameters encoded by the primary 
sequence to generate the structural model. These parameters are referred to as "energy 
terms," and primarily include electrostatic potentials, hydrophobic potentials, solvent 
accessible surfaces, and hydrogen bonding. Secondary energy terms include van der 
Waals potentials. Biological molecules form the structures that minimize the energy 

1 5 terms in a cumulative fashion. The computer program is therefore using these terms 
encoded by the primary structure or amino acid sequence to create the secondary 
structural model. 

The tertiary structure of the protein encoded by the secondary structure is 
then formed on the basis of the energy terms of the secondary structure. The user at this 

20 point can enter additional variables such as whether the protein is membrane bound or 
soluble, its location in the body, and its cellular location, e.g., cytoplasmic, surface, or 
nuclear. These variables along with the energy terms of the secondary structure are used 
to form the model of the tertiary structure. In modeling the tertiary structure, the 
computer program matches hydrophobic faces of secondary structure with like, and 

25 hydrophilic faces of secondary structure with like. 

Once the structure has been generated, potential ligand binding regions are 
identified by the computer system. Three-dimensional structures for potential ligands are 
generated by entering amino acid or nucleotide sequences or chemical formulas of 
compounds, as described above. The three-dimensional structure of the potential ligand 

30 is then compared to that of Pellino 1 or 2 to identify ligands that bind to Pellino 1 or 2. 
Binding affinity between the protein and ligands is determined using energy terms to 
determine which ligands have an enhanced probability of binding to the protein. 

Computer systems are also used to screen for mutations, polymorphic 
variants, alleles and interspecies homo logs of Pellino 1 or 2 genes. Such mutations can 



be associated with disease states or genetic traits. As described above, GeneChip™ and 
related technology can also be used to screen for mutations, polymorphic variants, alleles 
and interspecies homologs. Once the variants are identified, diagnostic assays can be 
used to identify patients having such mutated genes. Identification of the mutated Pellino 
5 1 or 2 genes involves receiving input of a first nucleic acid or amino acid sequence 

encoding Pellino 1 or 2. The sequence is entered into the computer system as described 
above. The first nucleic acid or amino acid sequence is then compared to a second 
nucleic acid or amino acid sequence that has substantial identity to the first sequence. 
The second sequence is entered into the computer system in the manner described above. 
10 Once the first and second sequences are compared, nucleotide or amino acid differences 
between the sequences are identified. Such sequences can represent allelic differences in 
Pellino 1 or 2 genes, and mutations associated with disease states and genetic traits. 

Administration of Pellino 1 or 2 -Inhibiting Compounds 

15 In numerous embodiments of the present invention, a Pellino 1 or 2 

inhibiting compound, i.e., a compound that reduces levels of Pellino 1 or 2 mRNA, 
polypeptide and/or protein activity, will be administered to an animal. Such compounds 
can be administered by a variety of methods including, but not limited to, parenteral, 
topical, oral, or local administration, such as by aerosol or transdermally, for prophylactic 

20 and/or therapeutic treatment. The pharmaceutical compositions can be administered in a 
variety of unit dosage forms depending upon the method of administration. For example, 
unit dosage forms suitable for oral administration include, but are not limited to, powder, 
tablets, pills, capsules and lozenges. It is recognized that Pellino 1 or 2 modulators {e.g., 
antibodies, antisense constructs, ribozymes, small organic molecules, etc.) when 

25 administered orally, must be protected from digestion. This is typically accomplished 
either by complexing the molecule(s) with a composition to render it resistant to acidic 
and enzymatic hydrolysis, or by packaging the molecule(s) in an appropriately resistant 
carrier, such as a liposome. Means of protecting agents from digestion are well known in 
the art. 

30 The compositions for administration will commonly comprise a Pellino 1 

or 2 inhibitor dissolved in a pharmaceutically acceptable carrier, preferably an aqueous 
carrier. A variety of aqueous carriers can be used, e.g., buffered saline and the like. 
These solutions are sterile and generally free of undesirable matter. These compositions 
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may be sterilized by conventional, well known sterilization techniques. The compositions 
may contain pharmaceutically acceptable auxiliary substances as required to approximate 
physiological conditions such as pH adjusting and buffering agents, toxicity adjusting 
agents and the like, for example, sodium acetate, sodium chloride, potassium chloride, 
5 calcium chloride, sodium lactate and the like. The concentration of active agent in these 
formulations can vary widely, and will be selected primarily based on fluid volumes, 
viscosities, body weight and the like in accordance with the particular mode of 
administration selected and the patient's needs. 

Thus, a typical pharmaceutical composition for intravenous administration 

1 0 would be about 0. 1 to 10 mg per patient per day. Dosages from 0. 1 up to about 1 00 mg 
per patient per day may be used, particularly when the drug is administered to a secluded 
site and not into the blood stream, such as into a body cavity or into a lumen of an organ. 
Substantially higher dosages are possible in topical administration. Actual methods for 
preparing parenterally administrable compositions will be known or apparent to those 

1 5 skilled in the art and are described in more detail in such publications as Remington 's 
Pharmaceutical Science, 15th ed., Mack Publishing Company, Easton, Pennsylvania 
(1980). 

The compositions containing inhibitors of Pellino 1 or 2 can be 
administered for therapeutic or prophylactic treatments. In therapeutic applications, 

20 compositions are administered to a patient suffering from a disease {e.g., a cancer) in an 
amount sufficient to cure or at least partially arrest the disease and its complications. An 
amount adequate to accomplish this is defined as a "therapeutically effective dose." 
Amounts effective for this use will depend upon the severity of the disease and the 
general state of the patient's health. Single or multiple administrations of the 

25 compositions may be administered depending on the dosage and frequency as required 
and tolerated by the patient. In any event, the composition should provide a sufficient 
quantity of the agents of this invention to effectively treat the patient. An amount of a 
Pellino 1 or 2 modulator that is capable of preventing or slowing the development of 
cancer in a mammal is referred to as a "prophylactically effective dose." The particular 

30 dose required for a prophylactic treatment will depend upon the medical condition and 
history of the mammal, the particular cancer being prevented, as well as other factors 
such as age, weight, gender, etc. Such prophylactic treatments may be used, e.g., in a 
mammal who has previously had cancer to prevent a recurrence of the cancer, or in a 
mammal who is suspected of having a significant likelihood of developing cancer. 
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It will be appreciated that any of the present Pellino 1 or 2 -inhibiting 
compounds can be administered alone or in combination with additional Pellino 1 or 2 - 
inhibiting compounds or with any other therapeutic agent, e.g., other anti-cancer agents or 
treatments. 

In numerous embodiments, one or more nucleic acids, e.g., Pellino 1 or 2 
polynucleotides, such as antisense polynucleotides or ribozymes, will be introduced into 
cells, in vitro or in vivo. The present invention provides methods, reagents, vectors, and 
cells useful for expression of Pellino 1 or 2 and other polypeptides and nucleic acids 
using in vitro (cell-free), ex vivo or in vivo (cell or organism-based) recombinant 
expression systems. 

The particular procedure used to introduce the nucleic acids into a host cell 
for expression of a protein or nucleic acid is application specific. Any of the well known 
procedures for introducing foreign nucleotide sequences into host cells may be used. 
These include the use of calcium phosphate transfection, spheroplasts, electroporation, 
liposomes, microinjection, plasma vectors, viral vectors and any of the other well known 
methods for introducing cloned genomic DNA, cDNA, synthetic DNA or other foreign 
genetic material into a host cell (see, e.g., Berger and Kimmel, Guide to Molecular 
Cloning Techniques, Methods in Enzymology volume 152 Academic Press, Inc., San 
Diego, CA (Berger), F.M. Ausubel et al, eds., Current Protocols, a joint venture between 
Greene Publishing Associates, Inc. and John Wiley & Sons, Inc., (supplemented through 
1999), and Sambrook et al, Molecular Cloning - A Laboratory Manual (2nd Ed.), Vol. 
1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, 1989. 

In numerous embodiments of this invention, nucleic acids encoding 
Pellino polypeptides, or inhibitors thereof, will be inserted into vectors using standard 
molecular biological techniques. Vectors may be used at multiple stages of the practice 
of the invention, e.g., for subcloning nucleic acids encoding Pellino 1 or 2 polypeptides or 
Pellino 1 or 2 inhibitors, e.g., Pellino 1 or 2 ribozymes or antisense sequences, or for 
subcloning additional elements used to control protein or mRNA expression, vector 
selectability, etc. Vectors may also be used to maintain or amplify the nucleic acids, for 
example, by inserting the vector into prokaryotic or eukaryotic cells and growing the cells 
in culture. In addition, vectors may be used to introduce and express Pellino 1 or 2 
nucleic acids, or Pellino 1 or 2 -inhibiting nucleic acids, e.g., Pellino 1 or 2 ribozymes or 
antisense sequences, into cells for therapeutic or experimental purposes. 
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A variety of commercially or commonly available vectors and vector 
nucleic acids can be converted into a vector of the invention by cloning a polynucleotide 
of this invention into the commercially or commonly available vector. A variety of 
common vectors suitable for this purpose are well known in the art. For cloning in 
5 bacteria, common vectors include pBR322-derived vectors such as pBLUESCRTPT™, 
and bacteriophage derived vectors. In yeast, vectors include Yeast Integrating plasmids 
(e.g., YIp5) and Yeast Replicating plasmids (the YRp series plasmids) and pGPD-2. 
Expression in mammalian cells can be achieved using a variety of commonly available 
plasmids, including pSV2, pBC12BI, and p91023, as well as lytic virus vectors (e.g., 

1 0 vaccinia virus, adeno virus, and baculovirus), episomal virus vectors (e.g. , bovine 
papillomavirus), and retroviral vectors (e.g., murine retroviruses). 

Typically, a nucleic acid subsequence encoding a Pellino 1 or 2 
polypeptide is placed under the control of a promoter. A nucleic acid is "operably linked" 
to a promoter when it is placed into a functional relationship with the promoter. For 

1 5 instance, a promoter or enhancer is operably linked to a coding sequence if it increases or 
otherwise regulates the transcription of the coding sequence. Similarly, a "recombinant 
expression cassette" or simply an "expression cassette" is a nucleic acid construct, 
generated recombinantly or synthetically, with nucleic acid elements that are capable of 
effecting expression of a structural gene in hosts compatible with such sequences. 

20 Expression cassettes include promoters and, optionally, introns, polyadenylation signals, 
and transcription termination signals. Additional factors necessary or helpful in effecting 
expression may also be used as described herein. For example, an expression cassette can 
also include nucleotide sequences that encode a signal sequence that directs secretion of 
an expressed protein from the host cell. Transcription termination signals, enhancers, and 

25 other nucleic acid sequences that influence gene expression, can also be included in an 
expression cassette. 

An extremely wide variety of promoters are well known, and can be used 
in the vectors of the invention, depending on the particular application. Ordinarily, the 
promoter selected depends upon the cell in which the promoter is to be active. Other 

30 expression control sequences such as ribosome binding sites, transcription termination 
sites and the like are also optionally included. For E. coli, example control sequences 
include the T7, trp, or lambda promoters, a ribosome binding site and preferably a 
transcription termination signal. For eukaryotic cells, the control sequences typically 
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include a promoter which optionally includes an enhancer derived from immunoglobulin 
genes, SV40, cytomegalovirus, a retrovirus (e.g., an LTR based promoter) etc., and a 
polyadenylation sequence, and may include splice donor and acceptor sequences. 



5 Kits for Use in Diagnostic and/or Prognostic Applications. 

For use in diagnostic, research, and therapeutic applications suggested 
above, kits are also provided by the invention. In the diagnostic and research applications 
such kits may include any or all of the following: assay reagents, buffers, Pellino 1 or 2 
specific nucleic acids or antibodies, hybridization probes and/or primers, antisense 
10 polynucleotides, ribozymes, dominant negative Pellino 1 or 2 polypeptides or 

polynucleotides, small molecules inhibitors of Pellino 1 or 2, etc. A therapeutic product 
may include sterile saline or another pharmaceutically acceptable emulsion and 
suspension base. 

In addition, the kits may include instructional materials containing 
15 directions (i.e., protocols) for the practice of the methods of this invention. While the 

instructional materials typically comprise written or printed materials they are not limited 
to such. Any medium capable of storing such instructions and communicating them to an 
end user is contemplated by this invention. Such media include, but are not limited to 
electronic storage media (e.g., magnetic discs, tapes, cartridges, chips), optical media 
20 (e.g., CD ROM), and the like. Such media may include addresses to internet sites that 
provide such instructional materials. 

The present invention also provides for kits for screening for inhibitors of 
Pellino 1 or 2. Such kits can be prepared from readily available materials and reagents. 
For example, such kits can comprise any one or more of the following materials: a Pellino 
25 1 or 2 polypeptide or polynucleotide, reaction tubes, and instructions for testing Pellino 1 
or 2 activity. Optionally, the kit contains biologically active Pellino 1 or 2. A wide 
variety of kits and components can be prepared according to the present invention, 
depending upon the intended user of the kit and the particular needs of the user. 

30 All publications and patent applications cited in this specification are 

herein incorporated by reference as if each individual publication or patent application 
were specifically and individually indicated to be incorporated by reference. 

Although the foregoing invention has been described in some detail by 
way of illustration and example for purposes of clarity of understanding, it will be readily ' 
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apparent to one of ordinary skill in the art in light of the teachings of this invention that 
certain changes and modifications may be made thereto without departing from the spirit 
or scope of the appended claims. 

5 EXAMPLES 

The following examples are provided by way of illustration only and not 
by way of limitation. Those of skill in the art will readily recognize a variety of 
noncritical parameters that could be changed or modified to yield essentially similar 
results. 

10 

Example I: Cloning of Pellino 2 

Four nano-grams of Clontech Human Universal Quick-Clone cDNA 
(product # 7109-1) was mixed in a total volume of 50 uL with these ingredients: 200 uM 
dNTP, oligonucleotides PELD1 and PELD2 (PELD1= 

15 ATGTTTTCCCCTGGCCAGGAGGAACAC, 

PELD2=TCAGTCAATTGGACCTTGGAAAATTAA; 0.5 uM each), 20 mM Tris-HCl 
pH 8.85, 6 mM (NH 4 ) 2 S0 4 , 10 mM KC1, 2 mM MgS0 4 , 0.1% Triton-X-100, 10 ug/mL 
nuclease-free bovine serum albumin, and 3 units of pfu-turbo DNA polymerase 
(Stratagene, La Jolla, CA). The reaction was then overlaid with mineral oil (30 \xL) and 

20 amplified using a PCR thermal cycler (MJ Research, Watertown, MA) for 40 cycles 

where each cycle consists of 3 steps: 95°C for 20 sec, 59°C for 30 sec, and 72°C for 1.5 
min. Subsequently, the mixture was purified using High-Pure PCR purification columns 
(Roche, Indianapolis, IN) following manufacturer's recommendation. Upon analyses 
using 2% agarose gel electrophoresis, a product of approximately 1 .3 kb in length was 

25 detected, representing the full-length open reading frame of Pellino-2. 

Example II: Amplification and overexpression of Pellino 2 gene in cancer cells 

Figure 2 summarizes the expression status of Pellino-2 mRNA in various 
lung cancer cell lines. The method, RT-QPCR, was used to generate the data therein. In 
30 brief, total RNA was isolated from tumor cell lines using the Trizol reagent (Gibco/Life 
technology, Gaithersburg, MD) and stored in RNAsecure (Ambion, Austin, TX). Total 
RNA was treated with DNA- free reagents (Ambion) to eliminate contaminating genomic 
DNA and then subjected to reverse transcriptase reaction coupled with PCR amplification 
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in a one-tube format according to the manufacturer using the Taqman 7700 sequence 
detector (Applied Biosystems, Foster city, CA). The numbers of PCR cycles needed to 
cross a preset threshold, also known as Ct value, in the sample tumor RNA preps and in 
the RNA preps from a series of human placenta RNA at various concentrations were 
5 measured for both the target probe (i.e., Pellino-2) and the P-actin probe. The relative 
abundance of target sequence to p-actin in each sample was then calculated by statistical 
analyses of the Ct values of the unknown samples and the standard curve generated from 
a series of human placental RNA preps of various concentrations. 

To determine the overexpression level relative to normal background, the 
10 ratios of target probe over p-actin in tumors were normalized to the ratio in normal human 
bronchial epithelial cells (Clonetics/Cambrex Products). Pellino-2 is very highly 
overexpressed (> 1000 fold) in 5 out of 10 lung cell lines, indicating that Pellino-2 
overexpression is advantageous for lung tumor cell growth {see Figure 2). 
Overexpression does not appear to be limited to a particular tumor type. 

15 

Example II: Amplification of Pellino 2 gene in cancer cells 

[Figure 3 summarizes the Pellino-2 gene copy number in various tumors 
and tumor cell lines. These results were obtained using the quantitative PCR (QPCR) 
technique. Briefly, probe to Pellino-2 3' untranslated region was designed using 

20 PrimerExpress software (Applied Biosystems). This probe set consisting of 3 
oligonucleotides (N63226QF: GATGCTGAAGTCGTCTCATTGG, N63226QR: 
CCAGTAGTTTAGCCTTTGTGGCTT, N63226QP: [6-FAM]- 
CGCACAGAAGGAGGCGCATCATAAC-[TAMRA]) was purchased from Operon 
Technologies (Alameda, CA). Following manufacturer's protocol and the standard curve 

25 method as described for Figure 2, the Pellino-2 probe and a reference probe set (TLF7QF: 
GGTCTCTATTTGCACTTGGCTGAT, TLF7QR: 
TTTTCATTGTTGACCAAGCTAGACA, TLF7QP: [6-FAM]- 
TAGGGCATACTGCCTGCATATTTCCTGCT-[TAMRA]) representing single copy 
region in the human genome were used to determine the Pellino-2 gene copy number in 

30 tumor DNAs using Taqman 7700 sequence detector (Applied Biosytems). 

Figure 3 lists the Pellino-2 gene DNA copy number in various tumor and 
tumor cell line genomes. A cutoff of 2.5 fold is used to differentiate amplified (>2.5x) 
versus nonamplified (<2.5x) tumors. Amplification frequency is calculated by dividing 
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the number of amplified tumors over the total number of tumors screened for a given 
tumor type. 
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TABLE OF SEQUENCES 
Pellino 2 nucleotide sequence and amino acid sequence 

1 TCCGCCGGGC CGAGGGGGGC GGGGAGTGGG CGCGGACGGC CCCACGCGCC 

51 GGGGGAGGGG GCGCCCCGCG GGCCGGGGGG CGGGCGCCTG GCTCTGCGTG 

101 GGGCGGGGCG GCTCCCACCT GCCCGCGCGC TGGCCCCCGC CTCCCCCGCG 

151 CGGCCCCAGC CTCTCGTGCG CCCGCTCCCT CCTCCTTCCC TCCCTCCCGC 

2 01 GGGGCTTCGG CGGCGGCGCT CAGCGCAGGC AGGTCCCCCT GCTGCCGGGT 

2 51 CCCATTTGTT GCCGGCTCTG ACTCGGGGCG GCCGCGGCGC GCGGAGCTCC 

3 01 GGGGAGTCAG GCGGAGCAGC CGCGCAGCCA CGAC GGAGCA GCAGCGGGAC 
351 TGGCCGCCCC GCGCCCCCTT CGCCGCCGTG CCCTTCCCCG GCGCGCTCAC 
401 CCCGTTCTCG GGATGGGATT GTAGCGGCGG CGCGGACTCG GCGGGGATCG 

4 51 CGGCGGAGGC GGCGGCGTCG GCGGCGGCGT CGGCGGCCGA GCGGGGCTCC 

509 518 527 536 545 554 

5' ATG TTT TCC CCT GGC CAG GAG GAA CAC TGC GCC CCC AAT AAG GAG CCA GTG AAA 

Met Phe Ser Pro Gly Gin Glu Glu His Cys Ala Pro Asn Lys Glu Pro Val Lys 

563 572 581 590 599 608 

TAC GGG GAG CTG GTG GTG CTC GGG TAC AAT GGT GCT TTA CCC AAT GGA GAT AGA 

Tyr Gly Glu Leu Val Val Leu Gly Tyr Asn Gly Ala Leu Pro Asn Gly Asp Arg 

617 626 635 644 653 662 

GGA CGG AGG AAA AGT AGA TTT GCC CTC TAC AAG CGG CCC AAG GCA AAT GGT GTC 

Gly Arg Arg Lys Ser Arg Phe Ala Leu Tyr Lys Arg Pro Lys Ala Asn Gly Val 

671 680 689 698 707 716 

AAA CCC AGC ACC GTC CAT GTG ATA TCC ACG CCC CAG GCA TCC AAG GCT ATC AGC 

Lys Pro Ser Thr Val His Val lie Ser Thr Pro Gin Ala Ser Lys Ala lie Ser 



57 



725 734 743 752 761 770 

TGC AAA GGT CAA CAC AGT ATA TCC TAC ACT TTG TCA AGG AAT CAG ACT GTG GTG 

Cys Lys Gly Gin His Ser He Ser Tyr Thr Leu Ser Arg Asn Gin Thr Val Val 

779 788 797 806 815 824 

GTG GAG TAC ACA CAT GAT AAG GAT ACG GAT ATG TTT CAG GTG GGC AGA TCA ACA 

Val Glu Tyr Thr His Asp Lys Asp Thr Asp Met Phe Gin Val Gly Arg Ser Thr 

833 842 851 860 869 878 

GAA AGC CCT ATC GAC TTC GTT GTC ACA GAC ACG ATT TCT GGC AGC CAG AAC ACG 

Glu Ser Pro He Asp Phe Val Val Thr Asp Thr He Ser Gly Ser Gin Asn Thr 

887 896 905 914 923 932 

GAC GAA GCC CAG ATC ACA CAG AGC ACC ATA TCC AGG TTC GCC TGC AGG ATC GTG 

Asp Glu Ala Gin He Thr Gin Ser Thr He Ser Arg Phe Ala Cys Arg He Val 

941 950 959 968 977 986 

TGC GAC AGG AAT GAA CCT TAC ACA GCA CGG ATA TTC GCC GCC GGA TTT GAC TCT 

Cys Asp Arg Asn Glu Pro Tyr Thr Ala Arg He Phe Ala Ala Gly Phe Asp Ser 

995 1004 1013 1022 1031 1040 

TCC AAA AAC ATA TTT CTT GGA GAA AAG GCA GCA AAG TGG AAA AAC CCC GAC GGC 

Ser Lys Asn He Phe Leu Gly Glu Lys Ala Ala Lys Trp Lys Asn Pro Asp Gly 

1049 1058 1067 1076 1085 1094 

CAC ATG GAT GGG CTC ACT ACT AAT GGC GTC CTG GTG ATG CAT CCA CGA GGG GGC 

His Met Asp Gly Leu Thr Thr Asn Gly Val Leu Val Met His Pro Arg Gly Gly 

1103 1112 1121 1130 1139 1148 

TTC ACC GAG GAG TCC CAG CCC GGG GTC TGG CGC GAG ATC TCT GTC TGT GGA GAT 

Phe Thr Glu Glu Ser Gin Pro Gly Val Trp Arg Glu He Ser Val Cys Gly Asp 

1157 1166 1175 1184 1193 1202 

GTG TAC ACC TTG CGA GAA ACC AGG TCG GCC CAG CAA CGA GGA AAG CTG GTG GAA 

Val Tyr Thr Leu Arg Glu Thr Arg Ser Ala Gin Gin Arg Gly Lys Leu Val Glu 
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1211 1220 1229 1238 1247 1256 

AGT GAG ACC AAC GTC CTG CAG GAC GGC TCC CTC ATT GAC CTG TGT GGG GCC ACT 

Ser Glu Thr Asn Val Leu Gin Asp Gly Ser Leu He Asp Leu Cys Gly Ala Thr 

1265 1274 1283 1292 1301 1310 

CTC CTC TGG AGA ACA GCA GAT GGG CTT TTT CAT ACT CCA ACT CAG AAG CAC ATA 

Leu Leu Trp Arg Thr Ala Asp Gly Leu Phe His Thr Pro Thr Gin Lys His He 

1319 1328 1337 1346 1355 1364 

GAA GCC CTC CGG CAG GAG ATT AAC GCC GCC CGG CCT CAG TGT CCT GTG GGG CTC 

Glu Ala Leu Arg Gin Glu He Asn Ala Ala Arg Pro Gin Cys Pro Val Gly Leu 

1373 1382 1391 1400 1409 1418 

AAC ACC CTG GCC TTC CCC AGC ATC AAC AGG AAA GAG GTG GTG GAG GAG AAG CAG 

Asn Thr Leu Ala Phe Pro Ser He Asn Arg Lys Glu Val Val Glu Glu Lys Gin 

1427 1436 1445 1454 1463 1472 

CCC TGG GCA TAT CTC AGT TGT GGC CAC GTG CAC GGG TAC CAC AAC TGG GGC CAT 

Pro Trp Ala Tyr Leu Ser Cys Gly His Val His Gly Tyr His Asn Trp Gly His 

1481 1490 1499 1508 1517 1526 

CGG AGT GAC ACG GAG GCC AAC GAG AGG GAG TGT CCC ATG TGC AGG ACT GTG GGC 

Arg Ser Asp Thr Glu Ala Asn Glu Arg Glu Cys Pro Met Cys Arg Thr Val Gly 

1535 1544 1553 1562 1571 1580 

CCC TAT GTG CCT CTC TGG CTT GGC TGT GAG GCA GGA TTT TAT GTA GAC GCA GGA 

Pro Tyr Val Pro Leu Trp Leu Gly Cys Glu Ala Gly Phe Tyr Val Asp Ala Gly 

1589 1598 1607 1616 1625 1634 

CCG CCA ACT CAT GCT TTC ACT CCC TGT GGA CAC GTG TGC TCG GAG AAG TCT GCA 

Pro Pro Thr His Ala Phe Thr Pro Cys Gly His Val Cys Ser Glu Lys Ser Ala 

1643 1652 1661 1670 1679 1688 

AAA TAC TGG TCT CAG ATC CCG TTG CCT CAT GGA ACT CAT GCA TTT CAC GCT GCT 

Lys Tyr Trp Ser Gin He Pro Leu Pro His Gly Thr His Ala Phe His Ala Ala 
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1697 1706 1715 1724 1733 1742 

TGC CCT TTC TGT GCT ACA CAG CTG GTT GGG GAG CAA AAC TGC ATC AAA TTA ATT 



Cys Pro Phe Cys Ala Thr Gin Leu Val Gly Glu Gin Asn Cys lie Lys Leu He 

1751 1760 
TTC CAA GGT CCA ATT GAC TGA 3' 

(followed by 4.3kb 3'-UTR) 

Phe Gin Gly Pro He Asp * 

CGCCCTTGACAGCCATCTACGACTTTATTAACAGGTTACTGTGAAGATTTTGCCACTAACTCTAGATTTTACCTTTTTGT 
AATGCTGTTTATCAGAGGAGGGTGACAGGGGCTGGAAATAAAGAGAGGGGACATGGTGATGAAACATGGCAGGAGTGTAA 
CAGATACCAGTGGTGTGTTGCATGCTCAAAACAGCAGCGTCGTCATTGAAGTCTGCTTGATTAAACCATAATATCTTTGT 
AATAATTGGATTTAAAATGCTATGCTTCTATTTTTAACCTTGGGTTTTTAACCAAGTTTTTTTTTTTTTTTGTAATCTTG 
GACAAGACTTTAAATCATATTTTACAGATGTAGAAGAAATTTATTCAAAAGTGTGGGCTCATGAAGTTCACTTCAGTGCA 
GTGTGGTGTAGGTGTTACGCGAAGGGCGCACAGTGTCTAGAAATACTTGATCGTGGCTCAAACCTGACCAGACAGCAGAG 
GGGCGGCTCTGTACAGTGTGACTGGTGGACAGATGGCCTTAGGCACAGGTGGTTTTGAAATCTGGGGCTTTTTCTGATTT 
ATTTTTCTGACTTGTTGGGGGAGAGAATATTCATAACTTGTGGGCTTTTTTTTTTTTTAACTTCAGTGGAATTTACTTTA 
GATATTCATTCATCAAATACATGGGACTTCACAAACAATTTTCCATAACTTTTTAGCCTGTCTTTTGTTATTTCTGCCTA 
ATATGATTTGCCCCGATACTCATCTTGCACGGCCAGAACTGTTTGGTTGATTAAAATACATCAGCTCTTAAAAACTCATT 
AACTGAGGGTAATTACAGTAGTAGACATGGTCTGGGTACTATACTACCATGTTTATTTGCTGACTGAATTAAGATTTAAG 
AATGATTAAAAATAAGCTTTTACTTTTTAAAACCACTTGAGGTTTCATAAAGCTTGGGGTTTTTTTTTTTCCTTTGTTAA 
GAAAGCCAACCAATCACAATGATATAGTCATTGTTGTGCACTCCCTTTTCACCATCTGTCACCTTCCCTTGCAGCTTAAG 
GAGCCCAGTAAGTTTTGAAAATGTTTGCGAATCAAACTAAATTTAAGTGGGATGATTAGATATACACAACACCAAGTGGT 
ACATCTGCAGAGATAATTCAAAATTCCTGCTTTTGAGAGAGCAAATGAGTGTTTGCTGAGGAATAATTAAATGAGAATTT 
CATAGGAGCTCCACCATTCCTGTTACTTTCATTTCATTTTGATTAATAATTCTTGGATGCTTGGCATCGATCGTATCACT 
GCTCCTAGAAGGTAAAGATCCTTTAGGACATGAGACTGGTAGAAGCTGGCTGAGATAAAATAAGTATTTATTTAAACTAA 
TGTTCTCTTAATTTGACCATTGCAGATTTGGGTGACTTTTTTTTAACCTTTGTACATATACGTAATTTATATGATTCTAA 
TGTACTATATCCATACTTGAATTGGTTTTTTCGTATTTTGCCTACTGGCAAATATTTTGCCTATTTTCAGTCGTTCTAAC 
CTATTTGAATACGCTTTTCCTTAAAGTGATACGATAATATTACTCTTGATTGCTGCTGCTTAATTTGATGTAATATGTTT 
AAAGTTCAGCCTCTCAGTTTTAATATAGCTTTATTTTTCAGTGGAGATCATTGTTTAGGATGAGACATTTTTGGTTTTGG 
TTTTGTTTGGGTAAATTTTAAATGGTGTGAAAATCGATGACAACAGTCCTCTTACAGATAGCTTGCTGTATTCTGTATAG 
CTTACTCTACCTGCAGACAGAAAATGAAAGAAAAAAATGGACTTGCCTAGAATAATATATTGAATGCCTTTTGATTTAGC 
CAGAGTCTCTGATGATTAGCTTTCGCTGATAGAGTATGTCTTTTCAGCCTGTAATTCTTTGGGCCCCAAAGAATGACAAA 
GGAGGCACTCGTTCTCTTTTCTTGCTGTATGCCTAGAAAGTGGTTGAAGGATTCTTGATGCCCTAAAACCATCTTGTAAG 
CTAAATGGTCTTGCATCCAGAAAGGCCAGATTTTACCTACCAAGAAAAAAAGATATTTTTCCAGAGAGTTAGGTATATCA 
TAATTTTCCATTTCAAGTCCTGTTTATAAGTCTAGTCATTCTGCAACGTGACATATCCCCCAAAATGAAGTTACCTTCCA 
AGTTGGACACGTCCCGTAGTTGGGCATATGTCTAACTAAAAGTTTCTGACTTTTAGTAAATTCAGCTTAAATATAAGTTG 
AAATTTGGGAAATAATTTCCAAGCTCTTGGAAGGGGTAACAGTGAACCGCCCTCCATGGGCTCCACATCTTTTCCTTTGG 
CTTCCAAAGTCAGGTCCCGCCCACCCTGCCTAAGGAACTGCAGAGAGGTGGCAAATCAGCAAAAAGGACACCAGGCTCTT 
CTTGGCCACTTGTAGGAAGATCCCTTTACAATTTTGACTAAGGAGATTTTTTTTTTCACAGTTGAGTTAGTTTGTGAAAA 
TAAAGAACTCTGTAGCTCACCAAGGTGGAGAAACGCAATTCAGAAAAGTAATTTCTCCAAGGTCACTTCTTTTTTTATGT 
CTTGCCATCACTTTAAAGGACTAGCCCCACTCCCCCATGTGTATACACAAGGAAATTGCAGACCAATTAGTTGTCTTGGC 
CTGACTCTAATGCCTTTTGCAAGTAGCTTTCCAGAAGTAAAAGTCCCAGTGATGTATTCCCATAGAAATATTTTTCAGTT 
GTTTATGTCGTTTACTACAAAAAAAAAGATTCAGAGTGGATGGAGTACAACTCTGAGTATTTTTCTAGTCCGGAATTTTT 
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TATTAATAATCGGTGCTGCCGGGTCATGCATGCTGCAACTCTCAACATTTCCCTTATTTGGTTCAGCTTTTAGCAAAAAG 
GGCTACAGTTCACCCTGCAGAGTATTAAGGTTTCTGGATTTTTTTCTCCCAACTGTGGCCCAAAAGAATTAAAATCTGTT 
AATATAAATAGAGAACATATTTATCATTCCTCGATAGTTAATTATAGACTTTGGTACCTTTGTGCCTCAGGGAAGCCACG 
TGATATAACTGGTTATAGAATTTCAGGGTTAGGGTTTAAAGAAAGGAGAAAGCCATTGGAAAAATGATGGGCTCCATTAA 
5 GGAGACTAATGAATCTGGATGCAGAAATATGTCAGAAACTGGCATAAACATGATTGTAGTAGAATTTATTTTCCAGTACC 
AATAGGGAAATTATTTTAAGTTATTACATTTACTGTATTGGGAAACTTGAGGAGAACTCTTTAGTTCATAAAGCTTCAAT 
GTCTTTTTTTTTTTTTTTCATGGAAAAACTCAAACCTCTGTTATTTGGGAGCTCAGTATTGTGTGGACACTTACGAGAGT 
TTTCTGCTTAATTGAAGTGTAATATAGGTTGTAGAATTGTTACCTGCAGTTCTATGGTTTTGTTTCACTTCTTTTCTTTT 
TTAAAGCCATTCTGTTCTTTGGATGTGCTTGAAAGGGTGTGTGATTACACCATTGTTAATGCTGGGTAAAAACTATCTTC 

10 TTGCAGCCTTGCCTCATAACAGTGGAATTTCTGATAGACAAACCACAGGACTTTGATTTTAAGCCAAATCCATCTCCATC 
CCTTTACTGTCAATCTTCTGTCCCAGTAGTTTAGCCTTTGTGGCTTAGGTTATGATGCGCCTCCTTCTGTGCGACCAATG 
AGACGACTTCAGCATCTTTTTAAAATAATCTAAGCATCATTGAAGCAGTAACACAAAAAAAAGGTTCAGTATTTTCTTTT 
TAGTATAACTTACATCCTTTCAAATAAGTCTTTGCCCTCATGAAGAATCCCTAGAGGAAGATAAGGAAAATAAGTATTTT 
CCAGTTTTGCTTGACAGTTTCTAAACAAACAAAAATAAACTCAATGAAAGGAAAGATGTTTCTTTTTAGCTGAGATGACA 

15 GATTGCTTCTCTGTATTAAATAGTCTAGAAGTTAAGGGGATGGTCACATTTACCATGTATTGTGTTATTAGCAGTTAAAT 
TTTATGAATATGTTTGTAAAATTGTTGTTTTATATTTCATGTCAAATTGAAAAGTTTATTTCTTCACTATTGTACCTGTG 
GAAATACAAGCCATTTTACAGGAAAAAATCTTCAAAAACTATTAAATGGATATCAGCCTGAAAAAAAAAAAAAAAAAG 
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